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PREFACE TO TEE FIRST EDITION. 



The design of this handbook is to present a concise description 
of the various njetboda pursued in the clinical examination of 
the thoracic and abdominal organs in health and disease, and an 
estimate of the diagnostic value of the resalta so obtained; the 
examination of the Larynx is treated of in an Appendix. 

The general plan of the work, both aa regards the order in 
which the different methoda of exploring each organ are dia- 
cnssed and the account of the conditions likely to be met with, 
is naturally that of a systematic, scientific inquiry. 

Our description, however, particularly "when dealing with the 
purely physical methods of examination, will be found to vary 
considerably in form and fulness, according as groups of similar 
phenomena, belonging possibly to different diseases, do or do 
not admit of being explained by common causes; in the latter 
case a duUiiU-d account of the symptoms has been given. \Mien- 
erer the nature of the subject permitted, I have endeavoured to 
preserve a certain uniform order also in the arrangement of 
details, taking up first the signs obtained by each method of 
exploration, then their cansea, and lastly the physiological and 
pathological conditions, and the diseases, in which they occur. 
In this way only was it practicable to include within our relatively 
narrow limits the large number of pathological phenomena elicited 
by the various modes of clinical examination. That an account 
of this kind, indeed, should not be absolutely complete, that it 
should fail to take cognisance of ei^erij deviation of the symptoms 
from the fundamental pathological type, is unavoidable. Though 
in the course of a long oflBcial connection with the Poliklinik of 
the University of Berlin I have been enabled to lay up a large 
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store of observations of this nature, I felt that to introduce them 
into such a work as the present would be as injudicious as it was 
unnecessary, as it is only when viewed in relation to the other 
characteristic symptoms of the affection under consideration that 
such facts retain their pathological or diagnostic interest ; apart 
from the special case in hand they would not merely burden the 
text, but the whole work would lose in uniformity and compact- 
ness more than it could possibly gain in the value of its contents 
or in completeness. In the domain of diagnosis, as in that of 
every other subject of study, the principal object to be kept in 
view is the arriving at a knowledge of the essential phenomena ; 
these and their physio-pathological causes once known, any de- 
parture from the type in particular cases is easily recognised and 
understood. These considerations have been borne in mind in 
the preparation of this work. I trust that my task has been, at 
least to a certain extent, successfully accomplished. 

Db. Paul Guttmann. 

BBRtlN, Stpt., 1871. 



PREFACE TO THE THIRD EDITION. 

♦ 

The third edition differs from its predecessors in many respects ; 
not only have important additions and alterations been made in 
most of the sections, bat large parts of several of the principal 
chapters have been completely re-written. Special care has been 
devoted to the arrangement of subjects and the order in which 
their details are discussed, as I have reason to believe, from 
public criticism, that it is to this feature that the former 
editions of my handbook owe their favourable reception in 
Germany and abroad.* May the same good fortune attend the 
present edition. 

Dr. PAXHi GUTTMANN. 
BiBUir, Oct., 1877. 



* Several tranalationB of this work are in dicalation on the Continent. The fint 
edition has been tranalated into Italian by Dr. Godomiro Bonfigli, Ferrara (Milan, 
1872) ; into Bnasian hj Drs. Nikolaj and Ghomjakoff (Eaaan, 1872} ; a second time into 
Bnasian by Dr. Wiachnewski (Moscow, 1872) ; and into Spanish by Dr. Luis G6ngor» 
(Seville, 1873). The second edition has been translated into French by Dr. F. L. Hahn 
(Paria, 1877); into Polish by Drs. Eremer and Parenski (Warsaw, 1877); and into 
Italian by Dr. BonfigU (Milui, 1877). 
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PHYSICAL DIAGNOSIS. 



INTRODUCTION. 

In the examination of the thoracic and abdominal organs, the 
methods employed are almost exclusiyely of a physical character ; 
this is certainly the case with reference to the exploration of the 
respiratory and circulatory apparatuses, and in part also to that 
of the abdominal organs. Strictly speaking, the term physical 
methods of examination is applied only to the practice of Auscul- 
tation and Percussion ; in the wider sense, however, it includes 
also Inspection and Palpation, as these latter frequently give as 
direct and valuable information as the two former methods, par- 
ticularly with regard to certain of the physical properties of the 
internal organs, such as their consistence, increase in size, and 
the presence within them of air, fluid, &c. With equal propriety 
the term may be made to embrace the estimation of the tempera- 
ture of the body by means of the thermometer, and the measure- 
ment of the shape and respiratory movements of the thorax, of 
the vital capacity of the lungs (Spirometry), of the respiratory 
preBsm-e (Pneumatometry), and of the arterial pulse (Sphygmo- 
graphy), all these proceedings, the most important of which is 
Thermometry, being merely delicate aids to Inspection and Palpa- 
tion, yielding precisely the same kind of information, but with 
much greater, even with mathematical, exactness. If to these 
methods of investigation be added the examination of the secre- 
tions and excretions of the body, and in some circumstances also 
that of the blood, we shall have before us all the means which are 
usually employed in the exploration of the thoracic and abdominal 
organs, and which we propose to describe in the following pages. 
It is obviously unnecessary to make use of all of these methods 
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of examination in eTerv case ; some of ihem, indeed, are of bat 
limited practical application. The mode of procedure depends 
dueflv on the organ affected ; thus, diseases of the respiratory 
and circulatory apparatuses are recognised principally by percus- 
sion and anscnltation, those of the abdominal organs by palpa- 
tion, those of the kidneys by examination of the orine, &c. 
These means taken sin^y, howerer, though of greatest impor- 
tance in the particular case in hand, do not exhaust all the 
sonives of information open to us; and it is desirable, espedaUy 
in complicated cases, to have recourse also to the other foremen- 
tioned methods, in order to secure a full and complete investiga- 
tion. The diagnosis gains in certainty and precision as the 
number of arailable methods of examination, and of the resulting 
pathological indications, is increased. 

It is, further, an essential part of a systematic pathological 
inquiry that a certain uniform order be obserred in the applica- 
tion of the different methods ; the natural order is that first the 
general physical signs, and then the special, be taken up. as, 
irithout a knowledge of the fonner, the latter are apt to be mis- 
nndkxstood. and to lead to env^neous conclusions. The examina- 
tKMt shoaM be^itt, therefore, with the general iHspfK-tiiyit of the 
body : the fnctis«d eye often diseoTers in this wuy a multitude 
of signs, which not merely declare which of the organs is at 
Canh. but frequently i«TeaI the natxxre and stage of the disease 
with ahsehne accoxacy. Then only should the special examination 
be ptoireeded wiifc. This ought ceTer to be limited to the psir- 
tiraJkr organs or parts cv>B\vnung which the patient nidkkes 
sf«C3kI complaint, as his sensations an often excited by porehr 
adrentitioas eiream3iac<«*. lu the graTur class of causes tie 
ei»it4k>B of all the organs r::.:iss be *»«rsai:»d: the physician 
thus fiwqtwctN- Eghes uroa dL5cc^fcrs of whose existence tbe 
pttsent. fiwci the absecvv o£ scbjevai^ symptocxs, had no coa- 
eevtioD. cr comrBcaswcs are discoTered withoa; the knowLetiie 
rf whk-h a tr^ie Trederi=iat7n rry of the nature of the disease, or 
tike fonmttwc cf a scjcsI dia^iraoeis, » ^Jixposabie. The patboo.'^ 
«£ dw tfcorfc-Tc i2.«i abA:?rr:TiaI orracs rresents r:::Trerot£s exaarrtes 
rf ^be ciscnB»» rela-icc which ?ae Turioos d&jeade« cf ite^s* r«r:s 
War TO e»A ocaer. aai cf the ixccc^isce of keecicd: :bi* r»5b>- 
Iijicwal <«WBec«wtt befcce the arr»i ia: l-nrtird: as owaicc is ^o 
ti^ orwta and aaSKtre of the moraiii wcce«? Txaiec btvesc^^icc. 
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GENERAL EXAMINATION. 

The symptoms of disease of the thoracic and abdominal organs 
fall naturally into two groups, general and special : iu the first 
are included those which are caused by the reaction of the local 
disturbance on the system a« a whole, and which may be common 
to the most diverse disorders, in the second those which are cha- 

iracteristic of disease of a particular organ, or even of the precise 
form of disease by which it is affected. 
One of the most prominent symptoms of acute diseases 
throughout their whole course, and one which appears also at 
various stages of many chronic affections, is 
Th 
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Fevtr. 



The chief indication of the presence of fever is a rue in the 
temperature of the body. 



In estimating temperature the Crutitp-nde (Celsian) thermometer is 
that in most general use, except in England and America, where 
Fahreiilu'it's scale has the preference. Should the accuracy of the 
thermometer nut be guaranteed by the name of the maker it must be 
tested by comparison with a standard instrumeut. Where circum- 
stances do not permit of this it may be verified with sudicieut exact- 
ness for practical purposes by simply taking the temperature of one's 
own bod}*, or that of another healthy person ; as we know that this 
amounts to about 37-3'' C. (99'14'^ F.), a thermometer which gives this 
result on being tried several days iu succession, each day about the 
same hour, may be pronounced rchable. Even inaccurate iustruments 
may be employed when the exact amount of error is known, allowance 
being always made for this in rending the scale. The best makers 
generally give with each thermometer a guarantee of its accuracy, or of 
ihe precise degree of difference between it and a standard instrument. 
The medical thermometer is fitted with but a small scale, as all the pos- 
sible variations in the temperature of the human body take place within 
comparatively narrow limits ; thus, it is only in very exceptional cases 
that a point lower than 33° C. {91-4° F.) or higher than 48'' €. 
(109"-1^ F.) is reached. The degrees are dinded into tenths, but 
differences of even a twentieth are usually ^uite appreciable. This is 
precise enough for ordinary use, but for special scientific investigation 
it is desirable to have a more finely divided scale. 

fi2 
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Tho temperature is most commonly taken in the axilla, occasionally 
in tho rcvtuiij or vagina. TLo bulb uf the thermometsr sbould bo iatro- 
dut'oil beneath tho border of tho pectoralis major, the arm brought 
0I080 tt) the Hido of tho body, aad the forearm across the breast ; the 
patient tlieo, with bia other hand, either keeps the instrument in posi- 
tion or supports the arm which is pressed against the chest. In the 
cnMOH of children and weakly patients the attendants must look to the 
fixntiou of tho instrument. The thermometer must romaru in position 
15 — iiO niiimlos before the mercury can bo said to have reached its 
tttmoKt heij^ht, as it is only when the arm is brought into contact with 
the side of the thorax that the axilla becomes a closed cavity ; its 
temperature therefore rises slowly to that of the interior of the body. 
It thus serves 00 purpose to warm the iustrumcut before using it ; 
time may be economised, however, by causing the patient to close the 
AxilU shortly beforu putting; in the thermometer, 4 or 5 minutes 
boiag then sofficiout for making an observation, which is nearly as 
rapidly us it can be done in tlie rectum or vagina. This shorter 
mothud may bo conveniently employed when observatioos have to be 
froqaoatly repeated, as, for instance, every S or 4 hoars. In special 
OftflM, when, on account of ihe finrroundings of the patient, the numbers 
on Um a«al6 ean not be road off with accuracy, a »elf'rf<fu(tennff ther- 
mometer becomes indispensablo. In this instrument the column of 
nioroury is divided into two parts by a small bubble of air, the upper 
porlitui, the index, being one centimeter in length. 'When the bulb is 
wanned the mercury expands, carni'ing Uie air bubble and index before 
it, and leaving iJiom behind when it coutraris on being removed from 
Uio axilla ; Uie {K>«iition of the index then indicates the maximum tem- 
perature reached. Itoforti using the instrument again it must be gently 
•hakon, so as to drive the index towards the lower end. 

Tho (( m|H.M-atnre obtiiined in the closed axilla is that of the interior 
of the Unly and of the blood ; it amounts to 8T° — 37-8° C, or 0-2*=' — 
0'4' C more in llie r«ctum or vagina. This does Dol ie{VMent the 
t«<uipcnitur\< at eM>ry period of the day. but oidy ihe average for the 
whole ^1 hour«. The l«otp«ratitt« of h«al(l^ persons is subject to a 
tirtilti tUuttuttion^ eniirtlj iikdqMiidani of axtuiial dmimatanoea, risinij 
i^ytttixuoHflu mvm i w rw tu jt tiU «rmuMr, mmd timkimf ttfrnm from ttnxim} 
u\\ M.wxtft.K It ia at ita lowesi, 86>6*'— 36-7° C, at two hours after 
iMidui>;ht . rxnuaiuing alH>ut tk« hum point till oarly morning ; it then 
x\»K* »Ut\vly and «oiutauUT till 4 or 6 o'ekwk ia tb« afterqoon, when it 
is at \U lngh««it ST'S** — 87*0° C> ; thia tMip«i»t«r» is ttaintained for 
ft akoit tiiiM» irWa il ii|^ iinka^ •! flm akywlj, afterwards more 
•nio^k I* Ih* ■Mnung MuaBram lamadiitijy aAw nudnight Thus 
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inflneTice whatever on the heat of the hody. Wo also find slight ilif- 
ferences in the Rvorago temperature at different ages ; it falls O'l" — 
02° C. from childhood to middle age, riBing again later in life. 8ei 
exercises no iuflueuce on temperature. 

Of the varioug fluctuations to which the temperature of healthy 
persons is subject the most impurtiiut are the daily poriudical oscilla- 
tions, these being also distinctly nppreciahle in cases of fever, when 
patients are incapable of such musculur exertion as would bo necessary 
to produce any change of temperature. The daily range of the tem- 
perature in febrile affections is frequently much more extensive than 
nnder ordinary circnmstances, so that it is desirable, in order to be 
able to estimate it and the varying intensity of the fever at their 
proper value, to make at least two observations daily ; in severe acute 
diseases, however, when the height of the temperature furnishes indi- 
cations for tlie adoption of certain therapeutical measuren (such ns cold 
bathing), and when the effect of tlicso has to be carefully noted, the 
temperature must be taken at intervals of 3 or 4 hours. 

Though the methodical use of the thermometer in febrile diseases 
dates only from 1851 and 1852 (Traubc, v. Uacrensprung, Wunder- 
lich, &c.), many thermometric investigations had been carried out in 
the previous decade, and certain important observations, such as the 
elevation of temperature which accompanies rigors (doHaen), the effect 
of cold bathing on the temperature in typhus (Currie), had already 
been made in the previons century. 



ah 



The temperature may be coosideretl febrile when it rises more 
than liaJf a dej^'ree C. (nine-tenths of a degree F.) above the 
normal point for the time of day at which it is observed ; as, for 
instance, a momiug temperature of ST'S'^ — 38° C, or an evening 
temperature of over 38° C. taken in the axilla. Such a slight 
deviation from the standard of health is known as sifh/i-brile ; 
when the temperature reaches 38"5"C. it is that of sUght fever, 
above 39'5°C. thut of mode rat riy hUfk fever, over 40° C, that of 
high fever. The highest recnrtled temperature, which occurred 

a case of tetanus, is 44'7° C. (112'4°F.), rising after death 
to 45*4*^ C. (113'7° F.). In the most severe acute diseases 
(pneumonia, typhus, scarlatina, itc), a higher temperature than 
41 "5* — 42'6° C. is seldom met with, except in cases of sunstroke 
and relapsing fever. 

The march of the temperature of the body in acute diseases 
presents three distinct types. 

1. Simultaneously with the commencement of the disease, 
which is usually announced by a rigor, the temperature begins to 
rise rapidly and continuously to a certain height, 89° — 41° C. ; 
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at tbis point it remaios seTeral days, showing only the ordiDary 
daily fluctuation of 0"5° — l^C. Under favourable circumstances 
the temperature then falls almost as speedily and continuously as 
it rose, usimlly within 12, 24^ or at most 36 hours, to the normal 
point or even slightly lower, in the latter case to return again to 
the tomporaturo of health when convalescence is established. 
The best oxumplo of this type is fibrinous pneumonia in the 
adulti in which defervescence begins about the seventh day, 
seldom earlier. The transition from the temperature of disease 
to that of health after this manner is termed Crisis. These 
throe well-marked stages in the course of the temperature, 
namely, that of rapid increase (sUuiium incrcmcnii), that in which 
it is stationary ^the iicmc), and that in which it sinks to the 
uormal point [sttuiium drcrnnrnti, or crisis), are clearly defined in 
very many acute diseases, though in some the periods are shorter, 
in some longer, than in pneumonia. Febrile conditions in which 
the temperature during the acme shows little or no variation for 
several days receive the name o( continufti fn-fr. 

2. In many other acute diseases the temperature rises more 
tilowly, 80 that several da}'« elapse before it attains its maximum ; 
this rise may be continuous, the normal daily fluctuations, bow- 
vnt, — alight increase from morning till evening, slight decrease 
from evening till morning. — being still traeeable, or it may be 
interruptoil. 1 he highest point being reached, it is followed by 
the periotl named aemt or fastigiumt lasting days or weeks, and 
chaimctcriaed by much greater daily wutitxw thait are found in 
health. These exaccrbatioM and rfiuMttoiu leeemUe those of the 
normal range, inasmuch aa th»y oocur at the same times — morning 
i&d frening ; the exMwrlwIiQii it woally at its height in the 
Afternoon or evening, tho remuamn at its lowest point in the 
early morning hours. The daily diffiBrcaM auKXints to 1° — 2'5°C., 
or mrely 3'' C. Wlien the disease has a favourable issue the 
rstttm to the normal tempcnktors u ftadnat, and takes place 
either in a oontinooos desoendiag line (t2iak is, without the 
cTening oxaeerbations), or in saeh a way that both the naming 
and STtning tempeimlaros are eseli dsjr kmer ; or the morning 
remission may be wxiU^marked* wfails tbe enraig exacerbation 
remains, hut beoomes smaUor on eaeh dsj and thus slowly 
approaches the morning temperatara. This gradval r»*«8iablish' 
m«Bt of the normal temperatoro. whieh is asoampH^hfid in 3 — 7 
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days, is designated Lysis, as distinguished from rapid defer- 
Tescence or Crisis; and the febrile couditions indicated by a 
stage of acmej or fastigium, marked by the above-mentioned 
oscillations, are named remittent fercr. 

3. The third Ij-pical course which may be taken by the 
temperature is found in intermittent fnu-r. The paroxysm begins 
suddenly, usually with a shivering, aud the temperature spoedily 
rises to a height otherwise reached only in the most severe acnte 
diseases, 41° — 41 "5° C, or even higher : in a'few hours it sinks 
again as quickly and continuously to the normal point. On the 
third day (tertian type), less frequently on the second day 
(quotidian type), tlmt is after 24 or 48 hours, the same phe- 
nomena arc repeated at the same time. Wien the febrile 
paroxysm is later by a few hours (postponing type) the quo- 
tidian becomes tc-rtian ; and similarly, when it is earlier by a 
few hours (anticipating type) the tertian becomes quotidian. 
The least common type ia the quartan, in which the fever returns 
at the end of 72 hours. In the intervals of exemption from fever 
(apyrexia), the terapcraturc and general condition of the patient 
are perfectly normal. 

In other cascH, of which the type is rdopsinp fever, the 
febrile attack lasts longer, the temperature mounts to 41° C. 
or higher, and returns to the normal point in a continuous 
line. The intervals between the seizures have not the same 
well-defined quotidian or tertian character as in intermittent 
fever, but vary in duration from days to weeks. The last- 
named temperature-types, the intermittent and relapning, are 
sometimes closely simulated by the occurrence of sudden exacer- 
bations in the conrse of various acute diseases, depending on an 
extension or comphcation of the local affection ; in these cases, 
however, the temperature in tho intermissions is never that of 
perfect health. 

The march of the temperature in chronic diseases, when they 
are accompanied by fever, resembles that of the remittent type, 
with morning remissions and evening exacerbations, tho morning 
temperature being slightly above the normal, the evening tem- 
perature indicating a considerable degree of fever. In another 
class of cases the type is intermittent, the morning temperature 
being normal, that of the evening high ; moro seldom the 
intervals of apyrexia are of one or more days' duration, during 
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"wliicli time both mnrning and eveiiinr^ tcmporutnres show no 
deviation from the healthy stanihird. Both tliese tempeniture- 
typea are fref|ucntly met u-ith, an in the ritsrons pnonmonia 
which leads to pulmouary phthisis and in the chrouic iuflamma- 
tory diseases of the abdominal or^'ans. — There remains to he 
mentioned a soiiie'what rare form of temperature courKe, the 
typm inversus, occasionally observed in phthisis and other 
diseases ; in it the remission takes place in the evenings the 
exacerbation in the morning. 

A second sign of fevor is inrch-ration ttf^ the pulse. 
The pulse, in a healthy adult, beats at the rate of 60 — 80 
times per miuute, averaging; 7*2; in fever its frcqaeiicy varies 
from 80 — 150. A pulse of 100 may be regarded as indicating 
slight fever, 100 — 120 moderately high fever, above 120 high 
fever; a pulse of 140 — 150 is rare, even at the crisis of acute 
diseases, and generally warrants a grave prognosis. Above 
150 — 160 the pulso becomes very small and thready, and is 
usually the immediate precursor of death in acute organic or 
zymotic diseases. A pulse of 150 — IGO occurs, in non-febrile 
affections, only in certain very rare cases of exophthalmic goitre 
(Basedow's or Graves" disease *). 

The acceleration of t!ie pulse is for the most part due to the 
increased heat of the body. This view is supported by the 
fact that when animals are exposed to a great heat the heart 
contnu'ts more rapidly, and when they are cooled again it acts 
more slowly ; and farther, at the onset of a fever the rise in 
temperature often precedes the acceleration of the pulse, and, in 
the same way, in rapid defen'esfrence the pulse does not become 
slower till the temperature has first begun to fall. The elevation 
of temperature, however, though the most important, is not the 
only cause of the acceleration of the heart's action, as a given 
alteration of temperature is not always associated with a cor- 
responding change in the pulse ; and different individuals, having 



• The nniisiml rapidity of Ihe pnlge in this afFectioa is most {Tobably referable 
to Irritation of the aympatbetic. CnKca of compre*«l<m of tkt vmju* by cer\"it3U or 
intTathoracic tumocira are characterised by a Tcry rapid pulao, the cardio-inhibitory 
fuoclion of thai nerve bviog suopcnded by )be pn«jture. I have, in one iastance 
in which the vagu« was involved in a swelling of the lymphatic glaudr, noted a 
pulM of lOU accotnpauied by ou eleration of temperature. 



PULSE. 9 

the same temperatnre, often show great differences in their poise- 
rates. Those forces which in health produce a quick pulse, — 
such as muscular exertion, mental irritation, — operate much more 
powerfully in disease, and in that way tend to disturb the relation 
which undoubtedly exists between temperature and pulse. The 
same result may also follow the occurrence of certain morbid 
complications : thus on the accession of an affection of the base 
of the brain we may have a high temperature with a slow or even 
subnormal pulse, evidently in consequence of irritation of the 
origin of the vagus ; and a rapid pulse with a relatively low 
temperature is frequently observed in cardiac diseases, whether 
primary or appearing in the course of another affection. Further, 
in collapse and shortly before death the temperature may fall 
while the pulse rises. It is thus obvious that the frequency 
of the pulse cannot be regarded as a trustwortliy measure of 
the intensity of a fever; nevertheless, apart from complica- 
tions, the influence of a febrile temperature on the pulse is 
thus far manifest, that when a considerable alteration of tem- 
perature takes place the pulse never remains entirely unaffected, 
but invariably responds to a certain extent. The frequency of 
the pulse in fever, like the temperature, is subject to periodical 
daily fluctuations, having a morning minimum and an evening 
maximum ; and, other conditions being left out of consideration, 
the extent of this daily difference bears a certain proportion to 
that of the oscillation of the temperature, so that according as the 
remissions and exacerbations of the latter are more or less marked 
the frequency of the pulse is more or less affected. The sub- 
sidence of the febrile pulse also, like that of the temperature, 
may assume the form of crisis or of lysis ; in the foi-iner case it 
occm's rapidly, simultaneously with the sinking of the temperatiire, 
and may reach the normal point at the very beginning of con- 
valescence, while in the latter case it takes place gradually, — 
sometimes continuously, but more often interruptedly, — with a 
slight rise each evening. 

Besides elevation of temperature and acceleration of the pulse, 
changes in the urine rank as signs of fever ; these, however, will 
be discussed further on. 
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INSPECTION. 

Many diseases of the chest and abdomen, acate as well as 
dluronie, are recognisable at the first glance by a change in the 
colour of the tkin. The most common of these changes is 

BitAKCHINO. 

A high degree of pallor has alvavs a pathological significance ; 
in a less marked form, however, (as it is often seen in perfectly 
healthy persons^, it can be so regarded only when the symptoms 
of the disease, snbjectiTe and objective, offer a satisfactory 
explanation of its pixesence. It attracts attention most readily on 
those exposed pans which are normally of a red colour, the fsce, 
the mncoQs membrane of the lips, and the conjmictive. 

It is cansed, in eveiy ease, either by a tiiminution or* the rolume 
^UtW in cinruiatioHy by denciencjf in the number ttr* red blood- 
corjmsele*, or by an unnlled eondition 0/ the eapHlarie*. 

The deereoie in the quantitji of the blood may be direct^ the 
icsnlt of hiemoirhage firom the longs, stomach, bowds, or 
urogenital apparatns, or of the effusion of blood or blood-tinged 
exudation into the serous cavitiee. Or it may be intUreet, caused 
by a deficient supply or malassimilation of food. — as in all felnile 
a&ctions, in canvalescence from severe acute disease, and in 
many chronic diseases of the alimentair canal and the oigans 
connected with it. Further, we have the same condition produced 
when the system, through loss of albumen, is deprived of much 
Uood-forming material ; instances of this are seen in cases in 
whkh there is copious effusion into the plenne. pencaidiom, 
and pexitooeum, in general anasarca and in albuminuria. 

Blanching from a dejicient.y in the number of the red hiood' 
corptucie* comes under our notice chieffy in chlorosis and other 
aMHnic coodiKions (anxmia ^ilenica. femicioos azuvmia^ and 
in kuksmia. In chlorosis soc onhr is the total ijuantity of hlocd 
in circuladon probably diminished, but the ivd cMpo^scies may be 
ledoMd w one-half their normal relative number, giving rise to 
saeh an exoeme degree of pallor as is rarely observed in any 
odwr adeedon ; in Leukaemia the aherasion of the proportion of 
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white corpuscles to red is due both to iBcrease of the former and 
decrease of the latter. In these diseases, also, owing to the 
fewness of the red corpuscles, the blood is markeiJly wanting in 
hiBmoglobin, which nuiy he reduced to one-third the normal 
quantity ; this is especially characteristic of some cases of chlorosis 
in which, not the number of the red corpuscles, but their haemo- 
globin, seems to be lessened. 

Independently of any change in the blood, however, extreme 
paleness of the skin may show itself when, from any cause, tkn 
heart dors not contract with sajficicnt force to adequaidy jilL the 
arteries and capillaries. Of the many varieties of pallor which 
come under this category, the following may be mentioned : — 
that which is connected with emotional influences such as fear or 
anxiety, and which is immediately produced by contraction of 
the arterioles from irritation of the vasomotor nerves ; that of 
syncope, which is due to sudden enfeeblemeut or even momentary 
cessation of the heart's action; that which appears in fatty 
degeneration of the heart, anil in those cardiac diseases in which, 
from engorgement of the pulmonary vessels, the left ventricle 
contains less blood than normally (('.</., mitral disease). It 
should be remarked that while it is true that bliwching may arise 
from any one of the above-named causes, it most frequently 
happens that two or more of them co-operate in producing it. 

The skin is sometimes simply white, as in chlorosis, when the 
patient, provided there be no disturbance of nutrition, has other- 
wise the appearance of health. At other times it is of a dull 
earthy colour, at once giving the impression of serious organic 
disease associated with disordered nutrition and emaciation ; 
this is found chiefly in cases of malarial cachexia of old stand- 
ing, leukaimia, amyloid and carcinomatous degenerations, and 
many other diseases of the abdominal organs. The absolute 
colourlessness of the skin is occasionally varied by the presence 
of slight cyimosis ; this occurs most often with those cardiac 
affections in which there is a tendency to overloading of the 
pulmonary circulation, and in various diseases of the respiratory 
apparatus. Caseous pneumonic infiltration, even in its early 
Btages, is marked by pallor of tho face, partly from repeated 
hffimoptyses, but principally from the remittent fever which 
accompanies it ; the whole countenance may he uniformly pale, 
or certain spots may be of a bright red colour,— the well- 
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kno'A'n '* hectic flush " of consumptires. In these cases, also, 

the colonr comes and goes rapidly under slight physical or 

r mental excitement, the face beiu^ suddenly overspread by a fiery 

^Uash, •which just as suddenly disappears. These symptoms are 

lost pronounced in joung persons with a delicate skin and in 

trhom the disease runs a subacute course. 



Another common change in the colour of the skin is 

Ctakosis. 

It yaries much in intensity, from a light bluish tint to a 
dark bluish-black coloration. In the extremities, and wherever 
the skin is most delicate and most vascular, — in the lips, the 
point of the nose, the eyelids, ears, nails, tips of the elbows, and 
fronts of the knees, — it is earhest and most distinctly seen ; even 
when the cyanosis is extreme, and the whole surface of the body 
is discoloured, it is most marked in the parts mentioned. The 
mucous membranes have the same bluish hue as the skin. 
Together with the lividity the superficial veins (in the arm, neck, 
&c.) are seen to be so overloaded with blood as to stand out like 
bluish knotted cords. These cases mast bo distinguished from 
others in which the change of colour is merely local, and which 
will subsequently be discussed. Cyanosis is always an indication 
that the blood is deficient in oxygen and surcharged with carbonic 
acid, — that it is either not completely oxidised in the lun'rs, or 
that, on account of passing slowly through the capillaries, it 
gives off too much oxygen to the tissues and absorbs an excess of 
carbonic acid from them. It arises from one or both of these 
causes, incomplete oxidation of the blood in the lungs and passive 
congestion in the capillaries and veins, in various diseases of the 
respiratory and circulatory organs. 

Diseases of the organs of respiration lead to cyanosis either 
by preventing the access of air to the lungs or by diminishing 
the respiratory surface, both causes being usually in operation 
at the same time. The former condition is present in those 
affections in which there is any obstruction in the air-passaTes 
especially the lari/nx or trachm, as in spasm of the gloUig] 
croup, and larj-ngeal diphtheritis, intralaryngeal tumours in the 
neighbourhood of the rima glottidis, enlargements of the thyroid 
body, and acute or chronic bronchial catarrh, in which the free 
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entrance of air is hindered by the swelling of the mucous mem- 
brane of the smaller bronchi. 

Cyanosis results also from IcsHrninrj of thr brmth'uiff siirfuce, 
in those diseases in which thf piilmonayy vesicles arcJilL-d witk 
infiltration (as in the stage of hepatization in pneumonia), or are 
subjected to pressure from withoid (as in pleuritic effusion), or 
Irtse their elasticity and become inexpansihle (ag. in emphysema). 
In these and similar affections the air is not admitted into 
the alveoli, and when the whole of one lung is implicated the 
area available for respiration is reduced by one-half. Hut the 
intensity of the cyanosis is not directly proportionate to the 
extent of lung surface from which the air is excluded. The causes 
of this absence of direct relation are very various, generally 
peculiar to each case, and therefore not easily generalised ; the 
only constant circumstance is that the et/iiHonis is most marked 
when the obstruction to the respiration is Huddcnly set up and 
when the patient is strowj and plethoric. Thus, pneumothorax 
following gunshot wound or the bursting of in cavity in the lung 
causes very considerable cyanosis, — a symptom which is not nearly 
80 noticeable in an equally extensive, but gradually-developed, 
compression of the lung by pleuritic effusion- There is a 
similar contrast between the symptoms of the acute infiltra- 
tion of pneumonia and those of the chronic infiltrations leading 
eventually to destruction of the air-cells by condensation or 
atrophy of the lung tissue. Apart &om special individual 
differences, the exphmation of the fact that the slowly-advanc- 
ing diminution of the respiratory surface in chronic disease is 
associated with hut little lividity evidently ia that the healthy 
long griidnally expands, and in that way comes to supply, to 
a certain extent, the place of the partially disaljled lung. That 
robust, full-blooded persons, suffering from embarrassment 
of the respiration, should present a higher degree of cyanosis 
than those who are anscmic is to be expected, as the more 
plethoric an individual is the moro completely are his vessels — 
and among them those of the lungs — filled, and it is well 
known that the oxidation of the blood goes on more slowly when 
the vessels are distended than when they are partially empty. In 
phthisis, on the other hand, as the emaciation and decrease in 
the quimtity of blood in circulation keep pace with the reduction 
of the respiratory surface, tho cyanosis is always slight. Cyanosis 
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becomes extreme when, as in the emphysema which accompanies 
chronic bronchitis, both conditions which tend to produce it 
are present, ^ — -obstruction of the air-passages and diminution of 
functionally active luiif^ surface. 

In vesicukr emphyeema the lividity of the skin is greatly aggra- 
vated by tliu state of emjartieiiteiit of' the aiiitr-iuiv veins. In conseqaonce 
of the empLytiemateus dilaiUitiuii of Llio air-ceiU the capillaries 
diBtributed in their walls arc partially or totally obliterated, and thus 
a considerable resistance is offered to the emptying of the right 
aide of the heart. This difficalty the heart is for some time enabled 
to overcome by hypertrophy and increase of power of the right 
Tentride ; oTentnally, however, its muscular fibre becomes the scat 
of fatly degeneratiou, its action becomes weaker, the right cavities do 
not discljarge the whole of their contents into the lungs and thcre- 
ifore cannot receive the whole of the blood brought to them by the 
venie cavro, so thut a permanent engorgement of the venous system is 
established, manifesting itself ia an overloaded condition of the super- 
ficial veins (the cervical and brachial veins, &c.), and in cyanotic 
discoloration of the extremities. 

Cyanosis may further he directly caused by congenital mai- 
formittions of tkt^ heart or by arquirtd raknhir disease. Of the 
former the most important are the rising of the aorta from the 
right ventricle, the existence of openings in the interventricular 
septum, and generally such malformations as permit of direct 
communication between the two sides of the heart ; but 
persistence of the foramen ovale or ductus arteriosus does not 
usually occasion very considerable cyanosis. Mitral insufficiency, 
contraction of the left auric ulo-ventricular orifice, tricuspid 
disease, and fatty degeneration, being generally accompanied 
by overloading of the right heart, of the pulmonary circn- 
^^ lation, and finally also of the systemic veins, tend to induce 
^B lividity ; this, however, does not occur so long as the impediment 
^H to the circulation is counterbalanced by increase of power and 
^H hypertrophy of the heart, for although in these cases the vessels 
^H of the lungs are over-filled, sufficient oxygenation of the blood is 
^H secured by the greater rapiditii of the rcsjnration. It is only 
^M when the right heart is enfeebled by fatty metamorphosis that it 
^H lemains constantly overcharged with blood, and the complete 
^^^H emptying of the ven» caTte is prevented ; there is thus developed 
^^^Ha state of passive stagnation of the current through the capil- 
^^^K}aries and veins of the body generally, and cyanosis from the 
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consequent free alvsorptioii of carbonic acid and the large qaan- 
tity of oxygen parted with. 

In certain diseases of the abdominal orffans cyanoHU may 
be a very prominent symptom. This is observed when the 
diaphragm is forced upwards, and the adequate expansion of 
the lungs in that way hiudertid, by the presence of fluid or large 
tumours in the abdominal cavity (nsciteSj ovarian tumours, &c.). 
Cyanosis from such causes, when it does occur, is usually very 
intense. Lastly, marked lividity may result from partial or 
complete obstruction of the circulation by annpri'gmm or ob- 
literation of one of the lavfie venous trunks : in this case the 
cyanosis is Iwal, not general, and confined to the region in 
immediate connection with the vein implicated. The most 
common examples of this are seen in the cyanotic hue of the 
forearm and hand on compressing the median vein as a pre- 
liminary to venesection, and of the face in severe attacks of 
coughing. In the latter instance the increase of pressure within 
the chest takes effect also on the largo intrathoracic veins, so as 
to render turgid the jugular and facial veins. The lividity fol- 
lowing occlusion of the veins of the lower limbs by thrombosis 
is not of a very marked character, as the engorgement of the 
vessels is relieved by a dropsical eft'usion into the subcutaneous 
tissues, and the circulation in the capillaries of the skin almost 
completely arrested by the pressure. In the rare cases in which 
the venoe cavse are entirely obliterated the cyanosis appears in 
the upper or lower parta of tlie body, according as it is the 
superior or inferior cava which is involved. 

The Uvid hue of the skin in rif/ora, and that produced by the iofla- 
ence of cold oq exposed parts, ore due to the contraction of the super- 
ficial arterioles aod cnpillivrieii, and the consequent retardation of the 
ciurent of blood through Ihem. 

ICTEBDS. 

This yclloiv discoloration is sometimes perceptible only as a 
slight golden glittering appearauco of the most transparent parts, 
such as the conjunctivit ; at other times it is citron-yellow, 
orange, or even green or brownish-green {Melan-Icterus). In 
all severe cases it is obseiTable on the general surface of the 
body, differences in intensity at various points arising from 
variations in the delicacy and normal colour of the skin ; thus 
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the skin of the breast, and other parts nsaallj covered, becomes 
more deeply stained than that of the face or the forearms of 
working i)eople. When the blood is pressed out of the capil- 
laries of such parts, if the jaundice be very marked, the tissues 
also are seen to hare the same jellowish hae ; so also the mucous 
membranes, the internal organs, tissues, and fluids, all partici- 
pate in this discoloration. The perspiration, the urine, and 
sometimes eren the sputa, are similarly tingled, while the feces 
generally lose their brown colour and acquire a grey or a light 
clay-like appearance. Icterus almost invariably arises from the 
presence of some mechanical obstacle to the free flow of bile 
from the ductus choledochus into the duodenum ; the secretion 
thus accumulates in the bile-ducts and, when these become 
over-distended, posses through their walls and is absorbed into 
the blood. This is known as Jaundice from obstruction or 
absorption. The most frequent cause of this impeded flow of 
bile is catarrh of the duodenum, the orifice of the gall-duct 
being closed by the swelling of the mucous membrane (Icterus 
duodenalis). Closnre of the common dact, or of the hepatic 
duct, or of several of its smaller divisions (by gall-stones, carci^j 
nomatous tumours, cirrhosis, or echinococcus cysts), or decrease 
of the lumen of the various ducts (as by diffuse catarrh), tend to 
produce more or less icterus. The most severe form, Melan- 
Icterus, is met with almost exclusively in acute yellow atrophy of 
the liver. 

The only disease of the respiratory or^ns which is compli- 
cated by jaundice and duodenal catarrh, and that in a mild form, 
is the so-called bilioiu pnmmotiia. Icterus appears in the later ' 
stages of cardiac diseases when, the heart's action being no longer 
powerful enough to compensate for the embarrassment due to 
mitral or tricuspid disease or fatty degeneration, there is coi 
tion of the portal circulation, swelling of the liver, and secondaij 
catarrh of the hepatic ducts. Even in these cases it is never 
Terr intense, the skin being merely of a dull yellowish colour, 
modified, as there is usually also more or less passive congestioa 
of the whole venous system, by a slight tinge of cyanosis. 

Jaondiee wwhi*""** occurs indepeDdently of any mechaziical 
obstraction to the escape of bile into the daodenom, in pymnia, 
jellow ferer, f,**—"*^ after inhalation of chiotuform and ether, occasioo- 
rfly after the exhibition of chloral hydrate, and in new-bom children. 
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This form is uamed hamatotjenoun icterus, — as diBtiaguisbed from tbo 
forementioned hepatoijcnoux variety, — as it is generally believed to be 
due to partial decomponitiou of the red blood-corpuscles and Bubse- 
qnent change of tbe colouring-matter so liberated (hfemoglobia) into 
a substance cbcmicaUj related to the colouring- matter of tbe bile 
(bilirubin). This tbeorj' is based on tbe experimental facta that bili- 
rubin may be detected in the urine, or that there may be a slight 
yellowish discoloration of the skin, after the injection of a solution 
of tbe salts of the biliary acids into the veins, these salts having a 
Bolvent power over the blood-corpuscles, or after injecting various 
acids which dissolve thoir bfomoglobin. Transfusion, or even the 
mere introduction of a quantity of water into the veins, depriving the 
corpuscles of their hiemoglobin by the operation of the laws of diffa- 
sioQ, leads to the same result. In old extravasations of blood also 
the presence of biliary colouring matter has been demonstrated. Not- 
withstanding this physiological evidence, doubt has lately been thrown 
on the propriety of retaining in our classificatton a hieuudoijaxoia 
variety' of jaundice, inasmuch as the biliary acids, whoso supposed 
absence from the urine in ha^matogenous icterus and presence in that 
of hepatogououB icU^rus ha%'e been regarded as suQicient grounds 
for the assumption of two genetically different forms of the affection, 
have been found also in the urine in pyaemia (Naanyn), and are 
stated to exist in traces in all urines (Vogcl and Dragendorff) ; and 
farther, many cases hitherto considered as of hiematogeaous origin, 
hepatogenous causes not being demonstrable, must now come under 
the Iftlter category as, even though the liver be anatomically intact, 
jaundice may be produced simply by nerve-influence, whereby the 
calibre of the gall-dticts is diminished, the flow of bile mechanically 
obstructed, and the bile itself absorbed into the circulation. — Lowering 
of the blood -pressure in the hepatic capillaries canscs decrease or even 
Buppression of the socretion of bile, which is then absorbed within the 
liver (Heidenliain and Lichtheim). Of this nature are the icterus of 
animals which have been starved, that which is associated with free 
discharge of bile through a biliary fistula, that connected with closure 
of the portal vein, aud probably also that of the new-born (as after 
birth the stream of blood coming from the umbilical veins to the 
portal vein ceases). The jaundice in poisoning b}* phosphorus, which 
was fonnerly thought to be hfematogeoous, is obviously hepatogenons, 
being caused by catarrh of tbe daodouum and partial closure of the 
orifice of the ductus choledochus (Virchow). 



Pigmentation of the Skin. 

From the discolorations of the skin just referred to, wliicli 
have their origin in a cbanfje in the colour of the blood, are to be 
distinguished other varieties closely resemblinfi them, due to 
deposit of piyment iit tlw tmue of the ch/;s. An instance of this 
is Been in tbe bronzing which most usually accompanies disease 
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of the Bupra-renal capsules (known as Addison's disease), but 
which sometimes presents itself when these organs are jierfectlv 
healthy. It occurs iu all dirgrees of intensity, from dull yellowish 
brown to bluish black, when it might, at the first glance, be 
eaaily mistaken for extreme cyanosis : in two cases -which came 
ander my own observation the skin was quite as dark as that of a 
mulatto or ne^'ro. The bronzing usually involves large tracts of 
skin, — when the disease has lasted long generally the whole sur- 
face of the body ; in most cases it rtHecta specially the exposed 
parts (the face, bucks of the hands), those which in health are 
most deeply pigmented (genital organs, nipples), and those which 
are subjected to pressure or friction (the folds of the axillae, inner 
surface of the thighs, &c). Its chimicteriatic feature, which 
defines it sharply from all similar kinds of staining of the skin, 
developed suddenly or slowly in conjunction with disorders of the 
generative system, psychical disturbances, ike, is that the con- 
junctiva bulbi and finger naila are never imphcated. Another 
peculiai'ity noticed specially in cases of long standing is the 
occurrence of m-ttttered spots of pi ^) mentation both in the already 
discoloured skin and on the mucous memhnine of the lips and 
mouth. Pigmentation of the internal organs in Addison's disease 
has not yet been observed. The cause of the bronzing of the 
surface, and the explanation of its connection with disease of the 
supra-renal capsules, are still unknown. 

Artfffria, staining of the skin from Ibo long-continued internal use of 
nitmte of silver, more rarely from painting the throat with a solution 
of the »ame salt (SUvestri, Dugut^t, Krishabor), is but seldom met 
with, and consists of a deposit of black granular particles of metalUc 
silver, or of silver compounds, in the cutis.* It is exceedingly like the 
greyish blue cyauotic hue which is so common in congenital malforma- 
tions of the beart, but is di&tmguiebed from it, as is also tlie furemen- 
tioned bronzing of the skin, by the fact that it does not disappear ou 
pressure. It Bometimcs tfxtcnds over tbo whole surface (though it may 
not be of the same deep shade at every point), is at other times con- 
fined to certain regions, especially to the exposed parts, and does not 
pass away on ceasing the administration of the nitrate of silver. It 
has no general constitutional effect. The deposit of silver is found 
not only in the skin, but aliao in the mucous and serous membranes, 
and in the internal organs (Riemer, &c.). 

• In one caae obgcrred by the author, that of a pat<ent sufferiag from grey degen«- 
Tktion of the posterior coSumna of the Bpioal cord, about ^-1 grammeB of the aitraie of 
silver had been taken in the course of tliree years ; it was only in the third yeiir that 
the firit indications of argyroaia were noticed. 
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Pigmaitation of the skin in small circnmscribod spots comes 
very frcqaently under nntii^e. Many of theso spots are of 
urtificiiil ori<,nn, appcuriuj,' after thft application of vesictints, 
sinapisms, irritatin;^ ointments ami linimenti=i, while others are 
the seqaeljE of exantliemutons eruptions, ulcers, &c. Tliongh 
they may have no direct relation to the disease for which a 
patient may be under examination, they nevertheless afford 
mnch valutiMe iufonuutiou re^ardin^ his pathological history, 
and snpply data which enable us to judge better of the accuracy 
of his statements. 

Pittirhtxis versicolor is a disccdoration of the skin confined to 
certain regions, and caused by the growth of a parasite (raicro- 
sporon furfur) in the homy layer of the epidermis. It is found 
in patches of variable size, slif^htly elevated above the surrounding 
Bnrfaee. irregiibir in shape, and duli yellow or yellowish brown 
in colour ; its most common seat is on the breast, the back, or 
upper extremities, more rarely on the abdomen or lower extremi- 
ties. These patches occasionally peel oflf spontaneously, or 
may be easily detached in the form of branny scales, when tho 
skin below is discovered to be almost unchanged. The scales, 
on microscopic examination, are seen to consist of masses of 
parasitic filaments, between which numerous roundish spores are 
arranged in clusters. Pityriasis verfiicolor is often associated with 
pulmonary phthisis and other chronic diBcascs leading to anaemia, 
but it frequently ap]iears also in those who are in good health. 

Similar staining of the skin, though not of vegetable parasitic 
nature, occnrs during pregnancy and in the course of diseases of 
the female generative organs, such as tumours of the ovaries, 

E uterus, itc. In phthisis pulmonalis and many chronic diseases 
of the abdominal organs the face often assumes a dull yellowish 
hue, quite different from that of pityriasis versicolor. 
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The variety of constitution and the rtmilitioii of the rnitritiou 
of the patient can also, to a certain extent, be ascertained by 
inspection. A knowledge of the coitstittition with which we 
have to deal furnishes us with many indications of great 
prognostic and diagnostic value. Thus, those who are feebly 
constituted may always be said to be in more danger from an 
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attack of acute disease than tliose who are robust. This is 
especially true of acute diseases of the respiratory organs ; in 
the vigorous they generally terminate in complete resolution, but 
tend to recur or to pass into other forms of disease (as caseous 
degeneration or the various processes resulting in phthisis pulmo- 
nalis) in those of a cachectic disposition. In the same way the 
hroncLiiil catarrh which sometimes supervenes on measles or 
whooping-cough iu weakly children often ultimately spreads to 
the alveoli. In adults of unsound constitution bronchitis shows 
a great tendency to return at intervals, to become chronic, and 
eventually to develope into vesicular emphysema of the lungs, 
pneumonia runs a longer course, is imperfectly resolved, or ends 
in caseous metamorphosis, and pleuritic exudations are only 
partially absorbed, or become the starting point of new morbid 
processes. It is often of great importance diagnostically to 
know the constitution of our patient. It enables us, for instance, 
to distinguish between the onset of caseous pneumonia and that 
of a simple bronchial catarrh {two conditions which present 
much the same physical signs), ns those who are of untainted 
constitution arc not at all predisposed to destructive changes 
in the lungs. In this way also, even before making a 
physical examination of the chest, we can frequently reassure 
patiotits who, on account of having a chronic cough, are 
apprehensive of falling into consumption, as it is certainly but 
seldom that healthy non-cachectic persons are attacked by this 
disease. 

Wfll-nourisked individuals have firm muscles, an elastic skin, 
and an ample deposit of fat in the subcutaneous tissue. This 
development of fat is usually greatest in those who indulge 
unduly in the pleasures of the table, but is sometimes present to 
a very considerable degree even in those who are comparatively 
abstemious ; its occurrence is also favoured by n sedentary habit 
of life, and to a certain extent limited by active exercise. Women 
often become stouter after the cessation of the menses; and 
amongst the lower classes the most common cause of obesity is 
intemperance in tho use of alcoholic litjnors. 

Ejnafiat'um usually begins with the disappearance of the sub- 
cutaneous adipose tissue ; the skin is thus thrown into folds and 
wrinkles and becomes less elastic, the epidermis is occasionally 
cast oflf in the form of branny scales {jntyruisis tabcscentium in 
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cases of marasmus in children), and the muscles lose iu volame 
and power, so that those who are the suhjects of much wasting are 
for the most part confined to bed. Extreme emaciation is always 
easily recognisable, though when slight it may he apparent only 
to the patient himself or his friends. The surest test of this 
condition, however, is comparative weighing at intervals ; in the 
chronic affections accompanying consumption this method gives 
the most reliable prognostic evidence with respect to improve- 
ment, aggravation, or arrest of the disease. 

There is always more or leas wasting as soon as the weight 
of the excreta exceeds that of the food, &c., consumed. Thus 
it is seen in all dise-ases which are attended for any length 
of time by fever (the supply of nutriment being almost stopped 
and the consumption of albumen increased), in persistent stric- 
ture of the oesophagus, chronic catarrh of old standing, dilata- 
tion and cancer of the stomach, chronic catarrh uuJ ulceration 
of the intestines, carcinoma of tho liver and other organs, 
diabetes mellitus, &c. Diseases of the circulation, being almost 
apyrexial, are unattended by emaciation. In acute miliary 
tubercle of the lungs there is rapid wasting, chiefly owing to the 
very high fever which accompanies it ; it is most probable also 
that the wasting which is such a constant and prominent symptom 
of that form of pneumonia which leads to phthisis pulmonalis is 
less due to the nocturnal sweatiug than to the febrile disturbance, 
as, notwithstanding his almost insatiable appetite, the phthisical 
patient rapidly loses flesh, but whenever the fever abates, and 
the progress of tho disease is thus temporarily arrested, he at 
once gains in weight. 

Emaciation, apart from its prognostic signification, is of some 
importance from a diagnostic point of view. Thus, of all the 
ehronic diseases of the lungs, caseous pneumonia is the only one 
in which it is observed ; the other ehronic lung afiections. how- 
€ver» being almost free of fever, may run their course without 
being marked by any trace of wasting, though they may give rise 
to absorption of the parenchyma and to the formation of cavities, 
and offer therefore tho same physical signs as are found in 
caseous pneumonia; such patients indeed, if only their digestive 
organs be in good condition, may present every indication of 
being perfectly well nourished. 




22 




A nAXDBOOK OF rHTSICAL DIAGNOSIS. 



Tile cousitlcratiou of tbo changes in the skin and in the 
general nutrition should alwitys be followed Itj an 

Examination of the Subcutaneous Cellulab Tissue. — Dropsy. 

One of the commonest morbid alterations observed in diseases 
of the L'liOHt ftial iiLdomon, is (irrumttUiiinii nf jhiid in the subcu- 
taneous iiroolar tissue {tlnqmf, ii<lci)iii). 

The part so affected becomes swollen, thia being ahvjiys the 
more marked the more lax tbe structures invaded, — as in the 
genital organs. The skin loses its natural colour, and becomes 
pale, tense, and shining. l*rcssure with the finger gives the 
aensation of kneading a doughy mass, and leaves behind a more 
or leaa deep depression of the surface. This pitting is produced 
by the lluid being driven out of certaiu of the meshes of the 
Bubcutaucous tiH«uo iuto those near it and communicating with 
it ; on the cessation of the pressure the fluid slowly returns and 
the pit disappears. The obliteration of this pressure mark takes 
place quicldy when the anasarca is slight and recent, but more 
slowly when it is extensive and of Jong standing, as in the latter 
case the skin has almost entirely lost its elasticity from the ten- 
sion and maceration by the otfused fluid. Dropsy is invariably 
caused by the transudation of the serum of the blood through 
the veins. There ia a certaiu amount of traususjatiou constantly 
going on even under normal circumstancea, but the fluid is at 
once absorbed by the lymphatic vessels ; it is only \A'hen the 
quantity poured out becomes so gi^cat that these vessels cannot 
carry it oil that it accumulates in the cellular tissue. 

The causes of the increased transudation of fluid are two, — 
undtif fidm'Hs t>f thr teina nnd ctntsanu'rit inn'aiifal prfsxure on 
their tvalla, or an itbHoniudly wakry condd'mn t'f the blood which 
gives rise to changes in the walls of the vessels and renders 
them more easily permeable (Cohnheim and Lichthtim). 
Dropsy arising from the first cause is designated PasHiiw drttpsy, 
as it always originates in obstruction of the current of venous 
blood ; that from the latter cause is known as J-Iydttcmic 
dropsy. 

Ptisnive dttqmf, when not strictly local, makes its appearance 
first in the dependent parts of the body, and on both sides, — in 
the ankles and on the dorsum of the feet. At first, also, the 
swelling disappears during the night when the patient is in the 
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horizontal position, the fluid being absorbed by the lymphatics ; 
it retarns in the morning, however, as soon as he leaves his bed. 
In time it tends to become stationary, does not diminish during 
the nifjht, and raonnts by degrees to the legs, thighs, genital 
organs and the coverings of the chest and abdomen. To this is 
frequently added effusion of fluid into the peritoneum, pleura;, 
and pericardium. It is after this manner that passive auftsarca 
occurs in cardiac diseases in the stage uf compensatory disturb- 
ance, in which the venous circulation is embarrassed and 
engorged on account of the constant overloading of the right 
heart, — as in mitral insufficiency, stenosis of the left auriculo- 
ventricular orifice, in cases of fatty heart, in tricuspid disease 
and (seldomer) in the later stages of disease of the aortic valves. 
This variety of dropsy not unfrequently appears in advanced 
vesicular emphjsema of the lungs, and here also is due to ihe 
difficulty experienced by the systemic veins in discharg^ig 
their contents into the over-filled right side of the heart ; it is 
usually confined, however, to the feet, ankles, and lower part of 
the legs. The most common abdominal causes of venous con- 
gestion are diseases of the liver {cirrhosis and cancer) and of 
the peritoneum (tubercle and cancer) ; as it is the portal circula- 
tion which is most immediately affected ascites is the fiirst 
(hropsical symptom, this being followed by oedema of the lower 
extremities only when the %'euou8 current in the inferior cava 
is impeded. Ascites alone, or followed after a considerable 
interval by a-dema of the lower limbs, points invariably to 
disease of the abdominal organs, in men usually to cirrhosis 
of the liver. 

In dropsy from the second cause, hifdrtcmia, the watery 
condition of the blood induces morbid alterations in the strutc- 
lure of the vessels themselves of such a nature that the serum 
of the blood pusaca through them more easily than in health. 
Hydrjemia depends either on an tmjtova'ishment of the blcHKi 
in re$pect oj albumen tind Jibrin, or on retention of water in 
the circulation from <trrett of the cutaneous transpiration 
i>r diminution of the serrtium of urine. It is chiefly in con- 
nection with acute or chronic diseases of the kidneys that tho 
blood is found to be poor in albumen ; in those affections 
also the iut-reased blood-pressure within tho renal vessels occa- 
sions albuminuria. The dropsy of recent renal disease is 
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are most often formed in the saphenous and femoral veins, more 
frequently on one side only than on both, and if the dropsical effu- 
sion be not too abundant the clot may be felt through the skin as 
a hard prominent cord. The oedema gradually disappears on the 
complete re-establishment of the circulation. Occasionally the 
cause of localised oedema of the lower limbs is to be songht for 
at a point higher than the femoral veins, — in the iliac veins or in 
the inferior vena cava ; here again it may be owing to thrombosis, 
or to compression by the gravid uterus, by tumours, &c. 

In miiny cases, however, localised anasarca cannot be very easily 
accounted for. I have under my care a robust, florid, otherwiBe 
healthy woman, 40 yeara of age, who for 10 years has sutfered irom 
oedema of the legs, reaching as high as Ike knees, and which daring 
that time has varied but Utile, if at aU ; in another caao, that of a 
previously healthy man, an euormous dropsy of the legs and thighs 
appeared, subsided after a few weeks, and has not since returned. In 
both cases, notwithstanding repeated and careful examination, no 
local ur general disturbance that the symptom coold be traced to was 
detected ; the urine was free of albumen. 

Dropsy of one or both vpper limbs occurs but seldom, and then 
it is usually produced by compression of the axillary vein (as by 
enlarged lymphatic glands) or of the subclavian vein. Still more 
rare is anasarca strictly confined to the upper half of the body ; 
it depends, as a rule, on thrombosis or compression of the vena 
cava superior, as by intratiioracic tumours or exudations, or 
aneurism of the aorta. 

In the case of a woman 30 years of age, formerly in the enjoyment 
of good health, I observed dropsy of the upper half of the body, 
extreme cyanosis, and enormous dilatation of the veins connected with 
the vena cava superior, all these symptoms being fully developed within 
three weeks ; the lower part of the body remained perfectly normal- 
Several of the superficial veLna of the neck and back appeared to con- 
tain only coagulated b!ood. As uo post-rnorfcem exumination could be 
obtained it can only bo conjectured that the origin of all these pheno- 
mena must have been constriction of the superior vena cava by 
pressure &om withoat or by thrombosis, as physical examination of 
the internal organs did not reveal the presence of the slightegt morbid 
change. 

A second and rarer abnormity in the subcutaneous tissue is 
the accumulation of air within its meshes, 

SuBCUTANEOua Emphysbma. 
Like dropsy, it gives rise to a certain amoant of swelling, but 
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as tLis is never so coustderable as in that afTecbion, the appearance 
of the skin is not altered. Empbysematoas parts, like those 
which are anasarcoui?, pit on pressurG with the tiuger, hut not so 
deeply, nor does the mark last so long, as the elasticity of the 
skin is almost unimpair^^d, emphysema being a condition which 
is generally very rapidly developed. Its most characteristic 
feature is the fVflimj of cfaclclinf} or cnpitatinti comniuuicated to 
the hand on pressing the infiatud parts, which exactly resembles 
that experienced on pinching a portion of healthy lung between 
the fingers. Emphysema is very variable in its distribution, 
occupying sometimes a smaller, at other times a larger, area, and 
occasionally extending over nearly the whole of the body. After 
guiniug entrance the air may diffuse itself indefinitely in the 
subcutaneous cellular tissue, as each mesh communicates with 
those around it on all sides ; this may be demonstrated experi- 
mentally on animalg, in which it is well-known that the inllatiou 
of the entire subcutaneous areolar tissae may he efi"ected from 
any part of the body. 

Subcutaneous emphysema is usually caused by internal or 
external injury of organs which contain air. Ilupture of the 
oesophagus in the neck by perforating ulcers, from necrosis or 
the swallowing of foreign bodies, may produce it by allowing the 
air to enter the cellular tissue at that part, wheuce it may spread 
to the breast or further ; but when the trachea or one of the 
larger bronchi is at the same time involved in the ulcerative 
process and so made to communicate with the cesophagua 
(broncho -oesophageal fistula), emphj'scma is wanting. When, 
in cases of perforation of the stomach or bowel, the affected part 
becomes attached to the abdominal wall, the gas passes from 
these organs into the cellular tissue if the opening be large 
enough ; where this attachment docs not take place the gas is 
forced into the peritoneal cavity. Perforation of the larj-nx and 
trachea from ulcer gives rise to emphysema in the region of the 
throat, wounds of the costal pleura and surface of the lungs (by 
stabbing, gunshot, or fractured ribs, and occasioually by the 
bursting of an abscess of the lung) to subcutaneous emphysema 
of the chest. In the latter ease the air escapes from the ruptured 
alveoU or smaller bronchi at each inspiration and passes directly 
through the torn costal pleura to the subcostal areolar tissue when 
there are inflammatory adhesions between the injured part of the 
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long and the chest wall ; when no 'such adhesions exist pneumo- 
thorax is first developed, the air being subsequently driyen from 
the pleural sac through the wound in the costal pleura, and so 
into the cellular tissue. 

Emphysema may also be set up by rupture of the air-cells, not 
from external injury but from over-distension ; here the air is 
forced into the interlobular septa, through the mediastinum, and 
into the subcutaneous tissue of the beck. It appears first in the 
fossa jugularis, then in the areolar tissue of the side of the neck, 
and finally on the surface of the chest. Weakness of the texture 
of the lung, forcible expansion of the air-cells in severe dyspnoea, 
violent attacks of coughing, evidently predispose to such tearing 
of the alveoli, as most of the cases of this variety of emphysema 
are observed in connection with croup, diphtheritis of the larynx, 
hooping-cough and bronchitis in children, and advanced pul- 
monary emphysema in the aged. 

Sclerosis of the subcutaneous areolar tissue is a morbid change which 
is very rarely met with. The extent of surface involved is very vari- 
able ; tbas, of four cases which I have seen, occurring in adults, in 
one ^e skin of both lower limbs and of the abdomen was affected, in 
two that of the arms and face, while in the fourth it appeared in small 
isolated spots on the forearms and hands. The indurated skin was 
in all the cases slightly cyanotic, obviously from compression of the 
smaller cutaneous veins. The pathogenesis of scleroderma is still 
veiy obscure. In three cases examined by the author the internal 
organs were perfectly normal; in a fourth the patient suffered also 
from Addison's disease, as in another case observed by Rossbach. In 
a case of almost general scleroderma Heller found small fibroid tumours 
and largely dUated lymphatic vessels in the areolar tissue under the 
skin, and obliteration of the thoracic duct ; this gives a certain amount 
of support to the theory that scleroderma depends on some disease of 
the lymphatic vessels by which the flow of lymph is impeded. 
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more evident in the {jreater enlargement of the chest and the 
displacoment of neiffhbouring parts, the diaphragm and the 
orgaufl immediately Wneatli it (the livtr on the right, the spleen 
on the left) being forced downwards, the mediastinum towards 
the opposite side, and the Iicart, when the eflTusion is into the 
left pleura, towards the right side. Thus the long and transverse 
diameters are greatly increased, even more than is apparent from 
mere inspection. Should the fluid he absorbed within a short 
time the chest usually returns to its normal dimensions, but only 
when the lung recovers its natural expansibility and elasticity. 

Accumulation of air in the pleural sac (pneumothorax) has 
the same effect on the external conformation of the chest as 
pleuritic effusion, but as it is, as a mle, suddenly developed, 
either from external injury to the pleura (by gunshot, stabbing, 
or fractured ribs) or from the bursting of a superficial pulmonary 
cavity communicating with one of the larger bronchi," the lung 
collapses more (luickly and completely, and the affected side soon 
assumes the form which it has after deep full inspiration. Actual 
cnlarf/emntt occurs only when the air irritates tlie pleura and 
exudation takes place, and the pneumothorax becomes a pyo- 
pneumotliorax. If the case progress favourably, and the offending 
matters pass off by absorption, which does not often happen, the 
chest regains nearly its normal shape; most usually, however, 
the original causes of the pneumothorax bring about a fatal 
tarmination. 

Extensive pneomonie infiltration of the whole of one long is oeea- 
sioiudlj accompanied by considerable enlargement of the correspond- 
ing aide of the chest, Veaicalar emphysema of une lung can scarcely 
•fw oecnr to «ucb a marked degree a^n to alter the form of the thorax 
on that side ; the aatbur, at le as t , has never cmo caeh a case. 

ToaMMUS within the chest (noedisstinal tamoors, i.V-c J may also 
pvodoM Tary perceptible prominence of the affected side, and of 
lb» ttornum. Bulging of the lower part of the thorax on tb» 
,nghi side is genermlly owing to tumoor of the Urvt (hydatid* 
te.)> on the left to swelling of the spleen, on both sides to hypsr- 
tropihy of both organs or to distMision of the abdomen by ascites, 
gas* or ovarian tamonr* 

«Mlite«^iMki«M«f ite bnMhi, all»tto *"— ^-^ -^ *~r*T ' — t '>'r wfc 
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ilateral enlargement of the thorax is often observed in marked 
and advanced emphysema of the lungs ; in typical cases we have 
the hnrrcl-shtped chest, aX\ whose diamotors, — its length, breadth, 
and depth — are increased, the parietes being more prominent 
both in front and behind, the ribs and sternum more convex, the 
intercostal spaces wider but not puffed out to the *;jeneral level of 
the rest of the surface. This change takes place in the upper and 
middle parts of the chest, the lower portion usually remaining 
flat and of the normal form. In other cases this diatiuctive 
barrel-shape is wanting, the chest appearing to be uniformly 
enlarged in every part, even the lower portion being abnormally 
prominent ; or the convexity may bo limited to the front or, 
more frequently, to the back of the chest ; and, lastly, there are 
also certain cases of emphysema in which the thorax undergoes 
no alteration whatever in size. 

These differences in the configuration of the thorax in emphy- 
sema depend on the degree of intensity of the aflfection, the 
extent of lung implicated, and the exact locality of the lesion 
(upper or lower, anterior or posterior, parts of the lung) ; the 
duration of the disease and the more or less yielding character of 
the tlioracic walls also play an important part in determining 
these changes, so that they are more common, aeteris paribm, 
among the young than in the aged. 

There is only a trifling difl"crcncQ in the circumference of the 
emphysematouB chest in inspiration and in expiration, on account of 
the very sHght amouut of expfttisioii and contraction wliieJi takes place 
in the lung ; even after full ejtpjratiou tbe thorax is abnormally dis- 
tended, for which reason the typical emphyseraftlous shape has been 
Dumed the permanent innj>itidort/ puKitiun of tltr tiitn'iu; 

The enlargement of the chest in vesicular emphysema arises 
from the fact that the lung becomes inelastic and does not sub- 
side naturally in expinition, the parietes of the thorax therefore, 
being no longer called upon tn execute the usual movements of 
respiration, assume perui:iiiently the form in question. 



The second ffroitp nfptitholofficalaltenxtions in the shape of the 
thoras include t'o»fradio», diminntwn In sizf, of the whole or part 
of one side. It occurs most often in connection with the absorp- 
tion of pleuritic exudation of old standing or when the fluid 
discharges itself externally. Thus if the lung be subjected to 
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great presBure for months by a large pleuritic effusion its elasticity 
is more or leas completely destroyed and it does not expand on 
being relieved from this pressure by the disappearance of the 
flnid; — it is oompletely void of air and takes up much less room 
than when fully iuHated ; the chest-wall, therefore, sinks gradually 
as abBorptiou goes on. The same explanation applies also to 
those cases of empyema which burst outwardly. In extreme 
cases of this nature all the dimensions of the aflfected side are 
reduced, — most strikingly autero-posteriorly ; there is no trace of 
bulging at any point, the thorax is llat and sometimes shows on 
its anterior surface a considerable depression ; its long diameter 
is shortened, the diaphragm being dragged upwards, the riba 
made to approach more closely to each other, and the shoulder- 
blades drawn downwards ; its trausverae diameter is less, the 
ribs being forced together, bringing the nipple nearer to the 
sternum and the shoulder-blade to the vertebral column than 
on the sound side, while the anterior mediastinum is displaced 
towards the affected side. Further, there occurs in these cases 
u distortion of the spinal column, the convexity of which is 
towards the sound side, the dorsal muscles on the affected side, 
like the intercostals, becoming paralysed from the persistence of 
the exudation, so that those of the sound side have no counter- 
acting force opposed to them ; in this way also the shrunken 
side of the chest has its transverse diameter diminished. — The 
upward displacement of the diaphragm and the dragging of the 
anterior mediastinum towards the diseased side have an im- 
portant influence in altering the position of such organs as stand 
in immediate relation to those parts. Thus, in contraction of the 
right side the hver rises and the heart encroaches on the right 
pleuritic cavity; in shrinking of the left side the heart is found 
situated further towards the left than in health, and above the 
level of tho nipple. The heart's impulse may, nevertheless, in 
cases of sinking of the left side, be felt at a point more or 
less to the rifiht of its normal position, when it has pre- 
viously been dislocated towards that side by effusion into the left 
pleura and has there formed adhesions. The most marked 
contraction of one side of the chest, after the absorption of long- 
standing exudation or the escape externally of empyematous 
fluid, takes place in children, because in them we have the 
difference in growth of the two sides to add to the other dif- 
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ices. The diseased side has its development arrested whilo 
Ihe soruid side asaames vicariouB functions and increase?; in size 
accordingly. 

I have otiBorveil one case, that of a Iml 18 vears of aj^e, who in 
childhood hnJ Buffered from empvema of the left side which had 
burst thronpjh the skin and discharged outwardly, in which the li-J't side 
was at most but a third of the size of the ri{i;ht, while the heart pul- 
sated below the nV//t/ nipple ; it is thus evideut that in the early stages 
of the complaint the heart had beeu driven over to that position, and 
had there contracted adhesions. 

The slirinking after the ubsorptiou of old pleuritic effusion is 
not always of such a striking character ; sometimeH certain parts 
of the lung hecome again expausihle, and then it is only over 
those portions which remain collapsed that the chest-wall sinks. 

The same form of atelectasis as that produced by pleuritic effusion, 
and the shrinking of the thorax associated with it, might, a prion', be 
expected to occur after the absorption of the gas of pneumothorax of 
old standing; as the latter disease usually ends in pyothorax, or pyo- 
pneumothorax, its Bccondary effects generally coiccide with those of 
pleuritic exudation. 

The third group of pathological changes in the shape of the 
chest consists of circumscribed dt-pn^ssians of the surface, which 
are to be distinguished from the foregoing forms of contraction 
chiefly by their being Ichs considerable iu degree and less ex- 
tensive. They follow shrinking of the lung, from whatever cause 
it may arise, and owe their existence to the fact tbat collapsed 
portions of lung occupy a much smaller space than those which 
contain air ; and as the spare room cannot bo hlled up by another 
organ the corresponding parts of the chest-wall yield to atmos- 
pheric pressure and form depressions. By far the most common 
cause of these concavities is caseous condensation of the lungs, 
and as this takes place most often at the anterior and upper parts, 
in the supra- or infra-clancular regions, sometimes on one side, 
at other times on both, it is in these situations that they may he 
most Confidently looked for. On the lower part of the posterior 
surface of the chest these Jepressions are seldom seen, even when 
there is considerable shrinking of the subjacent lung-tissuoj as 
the powerful dorsal muscles prevent their appearance. 

It not nnfreqnently happens that in chronic interstitial pneumonia 
and contraction of the pulmonary substance in childnn there are 
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depressions on the surface of ihe chest of greater or less extent, 
sometimes even as marked as those connected with pleuritic exadation. 
In a case attended by me, that of a boy twelve years of age, there 
was such extreme ehnnkiug of the right hing that the chest showed a 
yery marked depression on that aide, reaching as high as the fourth 
rib ; the diaphragm and liver were carried upwards to about same 
level, while the heart was displaced towards l^e right side, and pal- 
sated in the third intercostal space close to the steniam. 

The abnormities in the conformation of the thoracic parietes 
which have so far heen under discassion are caused by diseases 
of the reBpiratorj organs. There is another variety, however, 
which depends on imperfect development, and which itself not 
nnfreqnently gives rise to caseoua degeneration and tuberculosis 
of the lungs. It is choracteriBcd by a long, narrow, and shallow 
chest, by sloping of the supra- and infra- clavicular regions, 
wide intercostal spaces (on account of the diminished power of 
the intercostal mnseles), wing-like projection of the shoulder- 
blades (from the feeble action of the serrati), undue prominence 
of the acromial ends of the clavicles, and diminution of the antero- 
posterior diameter. The manubrium sterni takes part in the 
flattening, it sinks and bo forms an angle (the angle of Louis) 
at the point where it joins the body of the bone. This is known 
as the partdtftk' form of thorax, the phthisical habit- Such 
individuals have an elongated neck, a delicate skin, long ex- 
tremities, and clubbed fingers ; they may, nevertheless, in spite 
of all these drawbacks, enjoy perfect health, but when attacked 
by disease of the respiratory apparatus can never feel assured of 
making so complete a recovery as those who are of a more 
powerful build, — There is another group of deformities due to 
diseases of the bones, — to rickets and diseases of the vertebral 
column. A dcHcription of these, however, does not lie within 
the scope of this work. 



Meksuration op the Thorax. 



Very slight variations in the form and dimensions of the 
thorax are easily recognisable even by inspection alone, especially 
when only one side is concerned. In cases in which such a 
difference has to be determined once for all a special measure- 
ment is scarcely necessary, more particularly as the slighter 
degrees of difference, which may escape notice on account of 
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the trifling inaccuracies often unaToidable in working with in- 
struments, are distinctl}^ appreciable to the practised eye. When, 
however, the form of the chest undergoes certain changes in the 
oouTBe of the disease, — when, for instance, one side is first 
enlarged by plearitic efiFusion and afterwards contracts, it may 
be desirable to ascertain definitely the extent of these variations, 
in order to obtain a numerical statement of them with which to 
compare the state of matters at a later period. With this end 
in view we take the measurements of the circumference and 
diameters of the chest and tlie extent of the movements of 
respiration, — the circumference by means of a tape divided into 
centimeters, the diameters by means of rnlipera. 

The circumference of the thorax at the kvel of the nipple in 
front and of the lower angles of the scapulfe behind, when the 
arms are raised and outstretched, amounts to about half the 
leng^th of the body ; in well-built men the average is 82 ctmr. 
(32"28 inches) at the end of an ordinary expiration, and 89 ctmr. 
(85'04 inches) after a deep inspiration ; at the ensiform cartilage 
the circumference is about 6 ctmr. (2*36 inches) less. In old age 
it diminishes oonaiderably, especially at the upper part, so that 
the lower circumference becomes the gi-eater. Perfect symmetry 
of the two sides of the chest is rare, the right being usually 1 — 2 
ctmr. (0'39 — 0"78 inch) larger. In measuring only one side 
of the thorax it is necessary to avoid those sources of error 
which are apt to arise from differences of attitude on the two 
ides. 

The above numbers arc those of Frbhiich, and represent the average 
circamfcrence in 725 men of 20 years of age, well developed, and 
destined for the military service. Knig's measuremente, made on 
3,831 men of 30 — 84 years of age, agree generally with thoso of 
Froblich, and show that the girth of the cheet varied from SO'O — B8'8 
cmtr. (31-85 — 82-79 inches) during expiration, the average being 82-2 
cmtr. (82-8B inches), and from Si)'!— 93-3 cmtr. (86-19— 36-74 
incheg) daring infrpiration, the average being 90-7 cmtr. (35*71 inches) ; 
the maxtmom range of the inspiratory movoraonts was thus 8-5 cmtr. 
(3-85 inches). The circumference of the upper part of the chest in 
women is about 76 cmtr. (29-92 inches), that of the lower part 70 
cmtr. (27-55 inches). 

A knowledge of the circumference of the thorax throws but little 
light on the condition of the internal organs ; we learn merely that the 
chest is weakly or powerfully built. It ia a weli-eetabliflhed fact that a 
perfectly healthy state of the lungs is quite compatible with a chest- 
circumference of 78 cmtr. (30-7 inches) or even less, 
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The diameters of the thorax are, 1, the long diameter t 
measured from the clavicle to the base of the chest ; 2, the 
transverse diameter {the breadth), a line drawn &om a given 
point on one side of the chest to a corresponding spot on the 
other side ; 3, the ant^^ro-posterior diameter {the depth), a Une 
passing from any part on the anterior surface to a corresponding 
point posteriorly,, most usually taken from the sternum to the 
vertebral column, whence the term sterno-vertebral diameter. 
There are various other special comparative measurements which 
are sometimes mode on the two sides of the chest, such as the 
depth at the apex, from the clavicle to the spine of the scapula, 
the distance between the sternum and the nipples, or between 
the nipples and vertebral column, &c. The changes in the 
diameters of the thorax occasioned by diseases of the respiratory 
organs have already been stated (p. 29 et seq.). The long diameter 
is very variable, so much so that it is scarcely possible to fix on 
any one number as expressiug its normal length ; the trans- 
verse diameter in the upper and lower parts of the chest in adult 
men amounts generally to about 25 — 26 cmtr. (9*84 — 10'23 
inches), in women to 23—24 cmtr, (9'05 — 9 "44 inches), and 
to 1 cmtr. (0'39 inches) more a little above the level of the 
mamma ; the antero-posterior diameter is about 16 cmtr. (6*29 
inches) superiorly, 19 cmtr. (7'48 inches) in the middle and 
inferiorly. 

When the chest is very much misshapen, especiall)'^ from 
spinal curvature, the tape, as it cannot be accurately applied to 
the various parts, gives no useful or reliable information. In 
Buch cases Woillez' cyrtometer should be used; this instru- 
ment follows closely all the heights and depressions on the 
surface of the chest, and when removed furnishes us with an 
exact tracing of its circumference at the part examined. 

This cyrtometer consists of a nnniber of small rods of whalebone 
1| cmtr. iu length bo united by stiffly- moving joints as to form a non- 
reailieEt chain ; at two points, coloured white, are lunges which are 
more fre«ly movuble than the others. The apparatus is to bo applied 
doBely to the chest and by pressure made to adapt ileelf to its form, 
dipping into its various depressions (intercostal spaces), &c. ; it is 
then ciirefully removed, and its outline, drawn on paper, represents 
accurately that of the part of the chest examined. This measurement, 
repeated from time to time, afforda valuable indications as to the 
progress of the disease under observation. 
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In ordinary circumstances the dilatation of the thorax in 
respiration is effected simply by the action of the diaphragrn and 
of the intercostal mascles, aided, in women, by that of the 
Bcaleni. In men the diaphragm is the most important of these 
agents ; when relaxed it projects into the thoracic cavity iu the 
form of a dome, but when contracted it becomes flattened and 
descends, pushing before it the abdominal organs, elevating the 
abdominal walls, and forcing oiitwarda the cartilaginous parts of 
the lower ribs. This is termed, for obvious reasons, the iosto- 
ahdomiiml iijpe of respiration. In women the enlargement of 
the chest takes place chiefly in the upper part (costal type of 
ri'^piratiou), and is produced principally by the action of the 
intercostal muscles, and to but a slight extent by the contraction 
of the diaphragm. This type of respiration is not, as some hold, 
the result of embarrassment of the action of the diaphragm by 
tight lacing and the pressure of the various parts of a lady's 
attire, as it is observed in children of both sexes, who certainly 
are not exposed to these influences ; it seems to originate rather 
in the greater flexibility of the ribs in both sexes during child- 
hood, and in the female sex during the whole of life, the 
action of the intercostal muscles being more cffectiTe under these 
conditions. When respiration is very full and deep, iu old age, 
and in certain patliological states, it occasionally takes the 
costo-abdominal form, even in women. All the diameters of the 
chest aro increased in inspiration, the transverso and antero- 
posterior diametern by the movements of the ribs and sternum, 
the long diameter by the contraction of the diaphragm ; it is by 
the latter means that the capacity of the chest is most of all 
increased. 



The movemeats executed by the ribs are of two kinds, elevation and 
[rotation. The anterinr oxtretuity of each rib is ynixed and ctrrrii'd 
forit-nril, its fixed point boing at the vertebral column ; the rib is at 
the Bame time ntUited, so tiiat ita convexity, which waa before turned 
downwards, is now diroctcd upwards and outwards. Further, as the 
ribs have a gencnil inclination ilownwords and forwards from the spinal 
coliimQ t<i the HttToum the effect of elevating them is to bring them 
more towards the borizontal position ; this is clearly seen in deep in- 
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BpiratioQ and in attacks of dyspncea. The stemnm is raised and 
carried forward by tho movomcnts of the ribs. Tlie antero-posterior 
diameter of the thorax ie increased by the Eimultaneoua forward and 
upward movement of the ribe, its transverse diameter by their 
rotation. 



The lung follows every movement of the chest- wall. Its ex- 
pansion in inspiration, aa has been proved by exposing the 
pleura, and by carrying on artificial respiration after opening the 
thorax, takes place in two directions, from above downwards and 
from behind forwards ; for the former movement the fixed point 
is the apex, for the latter a point on the posterior surface of the 
lung. If tho lung at any part does not immediately expand 
when the thoracic cavity dilates— a common enouf^h pathological 
phenomenon — this ia at once indicated by the occurrence of a 
corresponding depressimi on the surface. 

The diminution in the capacity of the chest in expiration is 
due solely to the relaxation of the inspiratory muscles and to 
the elasticity of the lung ; the ribs and sternum return to their 
former position, and tho distended lung contracts by virtue of its 
elasticity and expels the air which it contains. 

Tkt: I'xtcnt of the movement executed by the several parts of 
the thorax, which in normal and quiet respiration should be 
equal on both sides, ia usually measured by passing an ordinary 
tape round the chest about the level of the nipples ; in adults it 
amounts to 7 — 8"5 cmtr. (2-75 — 3'34 inches) when standing 
upright, to } cmtr. less when sitting. The changes in the 
transverse and antero-posterior diameters are indicated on the 
scale of the calipers. Inequality in the range of the movements 
on the two sides, even when slight, is usually readily detected, 
and points to the existence of some obstacle to the respiration on 
the side which lags behind, especially to such impediment as 
arises when a portion or the whole of one lung ia completely 
collapsed or partially deprived of air, lu the former case the 
corresponding side is generally motionless, or moves but little, 
in the latter case it expands, but not so freely as tho sound side. 
These points may be observed even when the patient is breathing 
quietly ; a full inspiration, however, brings them out more 
clearly, as the difference in extent of the respiratory movements 
in superficial and deep respiration is more marked on the 
healthy than on the affected side. Minute differences may 
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jften be recognised by examining the chest in profile, freqaently 
also by watching the movements uf the sboulder-bkdes. Thus, 
in patients suffering from large pleuritic effusiou, when standing 
with the arms hanoring downwards, the acapnia on the diseased 
side ia almost motionless, while that of the other side is con- 
siderably raised and has its lower angle turoed forwards. If 
respiration be embarrassed in both lungs, as in bilateral emphy- 
sema, neither side of the chest moves much, sometimes not 
more than 5 — 6 cmtr., or even less. Should the obstraction be 
situated in the upper lobe of one or both lungs, — which occurs 
most frequently in phthisis pulmonaha, — the limitation of the 
respiratory movements is confined to the upper part of the 
chest on one or both sides. In the latter case the huer degrees 
of divergence from the normal range of movement are recognised 
with some difficulty, as we have no longer the advantage of 
being able to compare one side with the other. 

Sometimes certain parts of the surface of the thorax near the 
apex on one side, more rarely on both sides, are observed to 
giiik markedly in inspiration and to bulge outwards again in 
expiration. On close examination it is usually found that those 
parts, which are, as a rule, situated on the front of the chest 
and between the first and third ribs, are, even in the respiratory 
pause, somewhat leas prominent than those in their immediate 
neighbourhood. These depressions are generally connected with 
condensation and the formation of oue or more cavities in the 
subjacent long tissue, and arise from the inability of the dense 
inexpansible lung parenchyma to follow the chest- wall when it 
is raised in inspiration, and the consequent yielding of the cor- 
responding parts of the surface to the external atmospheric 
pressure. 

Inspiratory depressions are also very common in the lower 
lateral intercostal spaces on both sides, in the epigastrium, in 
the region around the eusiform process and sternal insertions 
of the lower ribs, in the supra-clavicular regions and the supra- 
sternal notch. These phenomena accompany the more severe 
forms of vesicular emphysema of the lungs and stenosis of the 
Lirynx (from croup, &«.). The cause in both cases is the rare- 
faction of the air within the longs, and the consequent pre- 
ponderance of the external over the internal atmospheric pressure. 
Direct proof of the accuracy of this explanation is found in the 
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facta that inhalation of rarefied air from a pneumatic apparatus 
produces sinking of the supra-clavicular rcfrions and of the flexible 
parta at the base of the chest, and that those concavities, when 
due to emphyseraa or Btenosie of the larynx, disappear on the 
inhalation of condensed air. 

It is evident that the air in the lungs niUKt become rarefied in 
Bevere emphysema ami in constriclion of the larjnx or trachea, as, 
notwitliEitauding the dilatation of the thorax and the expaneion of the 
luuga produced by the energetic contraction of the inspirutory ujuscles, 
very Uttle air eaters the chest ; the internal pressure is therefore ab- 
normally lowered, the external prcssnre becomes the greater, and the 
most yielding parta and those most distant from the larynx are forced 
inwards. The diaphragm is Quit© unable to overcome this pressure 
from without, and is rather driven upwards by it. Tbe rii/i<l parts of 
the chest, as they ofler sufficient reeistance to the weight of the atmos- 
phere, are not subject to these inspiratory depressions. These Bymptoma 
are much intensiiied on taking a deep inspiration, and are more observ- 
able in those who have wide intercostal spaces and are of spare 
habit. 

In noany cases of dyspnoea of old standing, especially in aged 
emaciated persons suffering from emphysemn, a shallow horizontal 
sulcus (Harrison's Sulcus) marks externally the lower border of 
that portion of the diaphragm which rises from the xiphoid 
cartilage. 

An important diagnostic point is often found in the relative 
extent of the movements of respiration in the upper and lower seg- 
ments of the chest. "When the impediment to the free entrance 
of air into the upper lobes is considerable the lower lobes act more 
vigoronsly and exercise viearioug functions, the diaphragm con- 
tracts powerfully, the lower part of the thorax is widely distended, 
while the movements in the upper parts are rcatricted. This tvpe 
of respiration is often seen in consumptives. On the other hand, 
if the action of the diaphragm be more limited, as is ofteu the case 
when it is carried upwai'ds by the pressure of fluid or tumonr in the 
abdominal cavity, or is forced downwards by pleuritic effusion or 
pneumothorax, the lower part of the chest- wall takes a less pro- 
minent share in the movements of respiration. Besides bein" 
hampered in its action from these mechanical causes the diaphraom 
may be partially paralysed from the persistence of the pressure 
and from the spread of the inflammation to its serous covering. 
In acute fevers having a protroctcd course (such as typhus) there 
is usually a temporary enfeehlement of the diaphragm. 
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More or less complete parnlyeis of the diaphragm from nearopathio 
causes is rare, and is dietingiiiHhed bj tbe pusiiioa of the diaphragm 
(which is pufehed upwards into the Ihonii), aud by the passive retrac- 
tion of the epigastrium and of those parts of tlie chest-wullfc- from which 
the diaphragm springs. The appearances are thus the same, though 
not BO well marked, as those which follow section of the phrenic nerve 
in animals, tbe diaphragm being passively drawn up into the chest at 
each inspiration and forced downwards into the abdomen at each ex- 
piration, lo one case of partial paralysiy, lung under my own care, 
occurring iu a man otherwise healthy, the bulging of the surface of the 
abdomen was wanting in Bbtillow inspiration ; with deep inspiration 
there appeared iu tlie upper part of the abdomen a series of wavy 
elevations following closely on each other which, on expiration, returned 
and disappeared iu the same order. These peculiar phenumcua had 
lasted many months. 

SMiwgraphtf. 

(The graphic representation of the movements of respiration.) 

Various instruments have been invented for the purpose of graphi* 
cally registering the movements of respiration. Vicrordt and Ludwig'a 
consists of a two- armed lever, the end of the shorter limb of which 
rests on the abdominal surface of the diaphragm, whilst the longer 
limb, lilted with a pencil, records its movements on a slip of paper 
which is caused to pass before it. In other apparatuses (Roseuthars, 
Gerhardt's, Marcy's, Fick's, &c.), though they dill'er much in form, the 
principle remains the siimCj — an arrangement of levers gives a tracing 
of the extent uf thu movements, on a pliite which glides piist the body 
at a certain rate. It is obvious that with these instruments the move- 
ments of but one spot can be noted iit one time. Iliegel, however, has 
constructed a " ditiiiih' atctho'tytijik" which enables us to examine at 
the same instant any two points on the earfnee of the chest, no matter 
how far apart, and thus to compare their tracings directly with each 
other. It consists of a strip of paper which is carried forward horizon- 
tally by clockwork, of two pencils which are kept applied to the two 
sides of the paper by means of lever- work, and of two separate levers 
which are set in motion by the rising and falling of tbe walls of the 
chest, and which communicate their oscillations to the pens. The 
tracings from the two sides of the chest, being on the same piece of 
paper, can be easily compared with each other. The tracings may be 
increased in size by lengthening the arm of one of the levers ; in this 
way the shghtest action of any part of the thorax may bo demonstrated. 
The whole instrument rests on an iron stand, on the longer beam of 
which it is mounted and on which it is movable ; the shorter beam 
bears the counter-weight. A simpler instrument than Itiegel's has 
lately been devised by Haenisch ; it, however, does not indicate all 
the vaiiatjons in the respiratory moveuients, but only the length of 
the inspiratory excursion at two eorrospuuding points, such as the 
apices. 
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Investigations carried oa by means of the double siethograph 
show that uuder norroal conditions ioBpiration is generallj somewluit 
shorter than expiration, and that between them there ia no pause, — 
that inEpiratioD, bavicg reached its termination, ia at ouee, though 
almost insensiblj, followed by expiration ; and farther, that the panse 
between any two respirations is exceedingly short. All parts of the 
thorax are not engaged in the same stage of the reapiratory act at a 
given moment; inispiration may bo completed at one point bat onl; 
begun at another, or in one part expiration may be only ending when 
in another inspiration has already commenced. There may be abso- 
lutely no quiescent interval when respiration is much accelerated ; 
on the other hand, it is well marked when the breathing is slow. A 
comparative examination of the tracings also shows that in men both 
sides of the chest, all the intercostal musclos, and the diaphragm, 
are called into action simtdtaneouuly, and that the inspiratory elevation 
la equal on both aides ; that in young persons not unfrequently the 
upper part of the thorax moves more than the lower (a conditioa which 
LB reversed b old age) ; and that in women the range of movement 
of the parts of the thorax docroaseH from above downwards. 

When pathological changes inks place in tho roapiratory apparatus 
the stethograph gives much the same indications as simple inspection, 
bat ueaally of a more striking character ; thus the slight degree of 
elevation shown in the inspiratory tracing of a paitially or completely 
collapsed lang presents a marked contrast to the high curve of tha 
sound lung. Obviously the tracings are not diagnostic of the varioul 
causes of coCapse of the lung (pleuritic exudation, pneumothorax, 
pneumonia, phthisis, <tc.), as they show merely that the respiratory 
movements are restricted; the greater the collapse the deeper the 
curve. Parts which sink in inspiration and become prominent in ex- 
piration give a reversed tracing, the inspiratory line descending the 
expiratory line ascending. The most characteristic tracings are those 
of stenusis uf the lai-^iix and trachea, and of emphysema of the lungs, 
lo the first the expiratory curve ia normal, while the inspiratory curve 
is much prolonged, corresponding to the long duration of inspiration 
produced by the blocking up of the air-passages ; in emphysema it ia 
the expiratory line which is the longer, as it is the escape of air from, 
the chest which is most impeded. In severe and extensive emphy- 
sema the expiration is somewhat irregular, being relatively rapid in 
its first two-thirds ; the obstacle to the expulsion of the air is then 
suddenly encountered, when, in spite of the powerful action of the 
respiratory muscles, the rest of the expiration ia accomplished slowly 
and with difficulty. This is all very clearly shown in the tracing, the 
accession of the hindrance to expiration being indicated by a sharp 
augle. In chronic catarrh this phenomenon is quite absent, expiration 
being iminterrupted ; it is therefore graphically distinguishable horn 
emphysema. 

Frequency of the Respiration. 
This, in health, amounts to 14 — 18 per minute in adult men, 
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jto a somewhat larger nnmber in women and children, and to 40 
(•or more in the new-born. One respiration usually corresponds to 
four beats of the pulse. Poaition has but little inflaeace on the 
frequency of the respiratioHf though it is rather taster when sit- 
ig or standing than when lying. The most extensive control 
is exercised over it by the will, — it may be voluntarily deepened 
or made superficial, accelerated or retarded, or even arrested, for 
SO — 60 seconds. It goes on most quietly and regularly when Will 
and Perception are in abeyance, as in sleep. 

Of the deviations from the uormal frequency acceleration is 
more common than returdatiou. The rate may increase to 70, 80, 
or even to over 100 per minute; generally, however, it rises no 
higher than 40. Abnormal vapidity of respiration is called 
dyspucpd. Respiration is sometimes not merely quickened, but 
each inspiratioD may gain considerably in depth ; at other times 
respiration is simply fuller, while its speed is scarcely increased, 
or may even he diminished. The latter condition also is known 
aa dyspncea. 

Respiration is physiologically accelerated by physical exertion^ 
such as rapid walking, running upstairs, and generally by all 
those circumstances which tend to increase the action of the 
heart. Those who are convalescent from severe acute diseases, 
therefore, begin to breathe more quickly as soon even as they sit 
up in bed, as the heart is thereby excited to more powerful 
and rapid contraction ; the same effect is produced in some 
patients by mental depression or even by the knowledge of the 
fact that they are being observed by others. All these disturbing 
influences have to be carefully weighed or excluded when we 
wish to determine the presence or absence of abnormal frequency 
of respiration, a aj-mptom which, even when but slightly developed, 
[ lias always great pathological significance. 

Acceleration of the Respiration takes place as a pathological 
pkcnomemm in the following circumstances— 

1. When there is pain in any part of the thorax or abdomen to 
which the movements of respLratiou are communicated. The 
patient breathes hurriedly but superficially, in order to avoid 
adding to his aufTering by causing disturbance of the parts 
affected, — a condition of which the onset of pleurisy afibrds a good 
example. Painful affections of the riba and of the muscles of the 
thorax (as in acute muscular rheumatism) are, in the same way. 
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associated with increased frequency of respiration, to but a slight 
extent, however, when the pain is located in the investing (pec- 
toral and dorsal) mnscles, most markedly when the proper 
respirator}' mnscles (the intercostals and diaphragm) are impli- 
cated. 

In one case of acute rhemnatism of the entire mnscnlar system of 
the chest I found that the respiratious numbered 40 per minute ; in 
another case, iu which the symptoms seemed to point to inflammation 
of the diaphragm, the respiration was over 50 per minute, while the 
diaphragm remained almost motionless, the slightest attempt at deep 
inspiration being cut short by agonising pain. 

The breathing of those who are suffering from acute pain in 
the abdomen (as in diffuse peritonitis) is exceedingly shallow, 
and therefore verr rapid, as the contraction and downward 
movement of the diaphragm and the consequent displacement of 
the abdominal organs are thus reduced to a minimum. 

2. Increased frequency of respiration is an unfailing concomi- 
tant symptom iu aU/t'&n/c conditiont of any considerable degree 
of intensity, from whatever cause they may arise; it does not, 
however, increase proportionately to the severity of the fever. 
In very high fever the number per minute may reach 30—40, in 
ehildn^u 50 — 60, without necessarily implying the existence of any 
lung complication. This is attributable to various causes, — to 
the aoivloration of the pulse and the greater velocity with which 
thebUxvl cirvulatos through the lungs, to the augmentation of the 
quantity of oarK>uic acid cvmtaiucvl in the blood, but most of all 
to the abnormal elevation of temperatun?. Throu^ those in- 
fluences the respiratory centra iu the medulla oblongata is 
mon» often and mon> )K>werfully stimulated and the reflex 
movemer.;s of nfspiration ar* moiv frequently excited. 

ThA) the rapidity of thtf breaUiicg in fover depends more on the 
tvBXfvnfttuTv of the bKx>l than on the nute of the polsv is proTed by the 
f*irt» that many ca«<r$ <>c«Qr in vhich a hi^ deprive et' heat uid a 
rthihbwiy $Iow pulw aK a$;$\v:«:ed «::h *HveIc-ntiou ot the tvspintion, 
»sd '^a:. ov. thv o;h«.'r haiids th^-rv «?«.- <»$if« in which rv:^pinaon he- 
vvss.<* i:?»i~*l>- slowx-r »# tb*' t<^r.*.v<T»;';;Tv ;# redsoed by the use off 
«v<d bath*, :b.»f r.:;*«-r»se rvsairiss: T:rv"hdur^. Py^ccora fev»m this 
<ftu»r , t*«r />.v»*e't < i* the rv*a'.5 o: .«>»-.•.•? irrturioe <rf the nKfwnlorr 
cvcsiv. *s ia* S,va sk\»»a by ca*jaesv«* e\^riB;^cs$ ca ••"^wfl* in 
*b:;v'h thtf >Z>.x>d. ** :: p»ss«f>i tii:\s.;j;it til* <*^;;c#. »»* aztifidally 
wa:s£<d. 
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3. The most marked Lncreaae in the frequency of the breathing 
takes place in those diseases in which the intervltange ofguJies that 
ehoukl go on in the lungs is disturbed, diseases whose seat may bo 
either in the respiratory organs themselves or in other parts. In the 
former case the dyspnoea arises from the blocking up of some of 
the avenues by which the air reaches the breathing surface, either 
by diminution of the ctdibrc of the nir-passaifes or by conditions 
u-hich raider the ptdmoiiary vesick's impernieabk. 

The cases in which the air-canals are narrowed may be divided 
into two classes, those in which the obstruction is situated in the 
larynx or trachea, and those in which it occurs in the larger bronchi 
or their finer subdivisiona. To the former group belong cedema 
glottidis, croup, diphtheritia of the larynx, and thyroidal tumours 
which compress the trachea ; the latter group includes especially 
catarrhal swelling of the bronchial mucous membrane, which, 
when it is extreme, atfecting a large number of the tinost air- 
tnbes, produces all the effects of constriction higher up — in the 
larynx or trachea. 

The alveoli may become impervious from injiltration with 
plastic or fluid exudation (in pneumothorax, cheesy degeneration, 
oedema of the lungs), or from compression (by fluid, air, tumours 
in the pleura, Sec), or from loss of elasticity to such an extent 
that they do not sufficiently expand in inspiration nor adequately 
contract in expiration (as in vesicular emphysema). When, 
from one or more of the above-named canses, the air-cells are 
closed the decarbonisation of the blood is interfered with, the 
blood becomes, deficient in oxygen and contains an excess of 
carbonic acid, nnd the respiratory centres are more frequently 
and more strongly excited to action. The degree of the dyspnosa 
depends on the more or less complete occlusion of the alveoli and 
on the area involved in the changes which lead to this result ; 
with certain reservations it may bo said that, other conditions 
being the same, it increases with the magnitude of the obstacle 
to respiration, that is, with the diminution of the available 
breatliing surface. As a rule it is the more marked the more 
suddenly the respiratory surface is reduced ; thus, in collapse of 
one lung from pneumothorax, developed within a few hours, it 
Teaches a high degree of intensity ; but should the collapse be 
brought about by the pressure of a Blowly-accumulating pleuritic 
efiFasion, the dyspncea is less considerable. 
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When, as in pleuro-pneumoQia, pain and fever co-operate with 
the cause jast described in accelerating the respiration, the rate 
shows a very rapid increase and may soon rise to 40 or more 
per mimitc ; on the other hand, certain varieties of chronic 
consolidation of the lunga, inasmnch as their course is painless 
and free of fever, are accompanied by mnch less disturbance of 
the respiration than pneumonia, even when they disable a larger 
portion of the lung. I have seen cases of complete atelec- 
tasis of an entire lung, produced by pleural effusion of long 
standing, in which the respirations were not more than 24 per 
minute nor appreciably increased in depth. 

In chronic affections in which respiration is obstructed its 
frequency varies greatly, particularly according as the body is 
well or ill nourished. Thus in phthisis pulmonalis, even when 
it is far advanced and the breathing surface extensively destroyed, 
respiration is often not at all hurried, heoause, on account of the 
emaciation, the qnantiitf of blood in rirruhition is tiecn'asrd and a 
much smaller volume of oxygen suifices for its decarbonisation. 
In those destructive processes, however, which are not attended 
by wasting, such as bronchiectasis, breathing is usually greatly 
accelerated. Respiration becomes exceedingly rapid also when 
a new obstacle is suddenly added to one of older standing. 
Emphysematous patients feel tolerably comfortable as long as 
their shortness of breath is due merely to inexpansibility of the 
air celts ; but should a diffuse bronchial catarrh supervene or 
should the original disorder be seriously aggravated by cold 
weather, their dyspnoea immediately becomes very distressing. 

The frequency of respiration is further increased by certain 
diseases of the heart, especially by those ralviflar affeetionn which 
give rise to fn-erfilUnf) of the pulmonan/ nrcnlation and thus to 
interruption of the free interchange of gases in the pulmonary 
capillaries. Among such conditions are insufficiency of the 
mitral valve and stenosis of the mitral orifice ; in the first case 
a quantity of the blood in the left ventricle passes backwards into 
the auricle at each systole, in the second the free flow of blood 
from the left auricle is prevented. Under these circumstances the 
left auricle, and subsequently the pulmonary capillaries and 
veins, become engorged, the necessary consequence of which is 
that the blood is insufficiently arterialised in the lungs, the 
respiratory centre ia more powerfully stimulated, and the move- 
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ts of respiration more frequently repeated. A seconS, but less 
important, element in the production of dyspnoea in mitral disease 
is the occurrence of bronchial catarrh from the passive congestion 
of the circulation through the lungs. Those heart aSfections in 
TP'hich the pulmonary circulation is intact, such as diseases of 
the aortic valves, ufsually produce at first no dyspnoea ; but 
in their later stages, when the It^ft ventricle undergoes fatty 
degeneration and is no longer nble to propel the whole of its 
contents into the aorta, and bo fails to accommodate the whole 
of the blood which should enter it from the left auricle, the 
pulmonary vessels are overloaded and dyspnoea ih established. 

Slight dyspncea, however, is set up iu aortic disease, from the in- 
creased rapidity of the heart's contraction, and when the hypertrophied 
and dilated left ventricle encroaches on the neigbbouring parts of the 
luDg, causing them to shrink and 8i> diminiahiag their reepiratory sur- 
face. The dyspnoea attendant on large aneurisms of the aorta may be 
explained in the same way, though in this crisc it often arises from 
pressure on the trachea. Disease of the tricuspid valve or of the 
valves of the pulmonary artery very seldom occure alone, but is asually 
combined with aortic or mitral disease, so that dyspncea in these cases 
Ls of a somewhat complex origin. 

Increased rapidity of the respiration may be due to diseases of 
the abdominal organs in which the abdominal cavity is distended, 
the diaphragm being pressed upwards into the chest and its 
movements in this way limited. Dyspnoja is thus frequently 
observed in cases of ovarian tumour, ascites, and tympanites, 
especially when the patient assumes the dorsal position. The 
greater the number of these exciting causes which coexist in 
any given case the more marked is the dyspnoea ; it takes 
probably its most agonising form in the later stages of mitral 
disease, when ascites, hjdrothorax, and pericardial effusion make 
their appearance together. 

Not unfrequently we have dyspncoa proceeding from no obvious 
cause, or at least from no cause which corresponds to it in 
apparent importance. In most of these cases it is owing to a 
temporary diminution in the calibre of the bronchi, from spas- 
modic contraction of the bronchial muscles ; it is therefore named 
Jyronrhial asthma. This variety of dyspnoea occurs in paroxysniB 
of relatively short duration, while in the intervals, when the case 
is not complicated with other affections, especially bronchial 
catarrh, respiration may be almost normal. 
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The theory that these dyfipticea) attoclis tvre referable io bronchial 
spasm is well supported by experimental evidence. Irritation of the 
vagus nerves in the neck is followed bj contracliim of the uiuttripfd 
hronchinl iiiunchx, and therefore by diminution of the lumen of the 
bronchi ; its effect also on the contractility of the lungs is indicated 
by the rising of a column of duid in the tube of a water manometer 
attached to the trachea (Douders, Bert, Gerlacb, &c.), It is especially 
the Ener and smallest air-tubea wbich tiike part in this spasm, thoagh 
it is not impossible that the larger bronchi may likewise be affected, 
as the trachea of animals has been shown to contract on electrical 
fltimolation (Horn-ath). It has not yet been definitely ascertained 
whether the alveoli themselves also shrink on irritation of the vagas4 
The bronchial catanb which idmost always accompanies asthma has 
manifestly hut au inconsiderable influence in causing the dyspnoea, as 
the latter occurs in paroxjKms which, when they subside, are stic- 
ceeded by an interval in which the breathing is easy and natural, this 
remission being altogether independent of any change in the catarrhal 
symptoms. In other cases, more rare than those just described, 
dyspnoea may be periodical and of great severity, while not the 
slightest morbid alteration may be found in the rei^piratory or circula- 
tor\' organs. It may be assumed that these phenomena are caused by 
some transient irritation of the vagi, though the particular circum- 
stances IB which this irritation is excited are still unkud^ii. In 
the case of a young girl, whose internal organs were perfectly healthy, 
I have seen the respiration become as rapid as 40 per minute, and 
sink again in a few days to the normal rate. For many years I have 
bad under observation another case, that of a woman, whose orgiuis 
of respiration and circulation have remained perfectly intact, bat who 
is subject to extremely severe paroxysmal attacks of dyspnoea, accom- 
panied by a feeling of intense anxiety, during which the frequency of 
the respiration increases to 70, 8ft, sometimes almost to 100 per 
minute ; the violence of the seizure then gradually abates, and respira- 
tion again becomes slow and quiet. These attacks sometimes take 
place daily, at other times they are absent for months together. 
Bischoff has recorded a somewhat similar case ; the breathing, during 
the paroxysms, was greatly increased in rapidity, sometimes to 160 
per minute, but in the intervals was perfectly normal. 



From objective dyspncea is to be tlistinguisbed a subjective 
variety. Many persons complain of occasional shortness of 
breath, especially those who have a sense of weight or pain in 
the epifj^astrium from diseases of the stomach or from other 
causes, those who have a feeling of oppression in the cardiac 
region, hysterical individoala and others, in whom no trace of 
anj' physical condition which migjht explain this subjective 
dyspnoea can be detected. While it lasts no dyspnoea is objec- 
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lively apparent, or the patients, while breathing superficially but 
at the normal rate, only now and then draw a full, deep inspira- 
tion, — a state of matters very frequently met with even in perfect 
health. 
^m Genuine dyspnoea is distinguished by another peculiarity, 
namely the firaitrr depth and therefore the longer ditratirm, of 
each respiratory act. As a rule the depth is inversely proportion- 
ate to the frequency. Thus, in the severe acute diseases of the 
respiratory organs (such as pneumonia) the breathing is rapid 
but not appreciably increased in depth, — the respiratory muscles 
being evidently unequal to a task demanding so much exertion, 
as, in common with all the muscles of the body, they participate 
in the general emaciation caused by the high fever. Oii the other 
hand, in those chronic lung diseases in which the physical 
strength is not reduced, — ^vesicuIar eraphyaoma for instance, — 
respiration is often very deep and full while the increase in its 
frequency is but alight. There are two forms in which this 
greater depth or longer duration of respiration may manifest 
itself, — it may afiect principally the i nspi rati on or the rxpi ration. 
Prolonged inspiration, inapirator}/ di/itpnoea, is observed when 
the air enters the lungs with difficulty, as in stenosis of the 
larynx and trachea ; its most typical and simple form is seen 
in paralysis of the posterior crico-arytenoid muscles, the margins 
of the glottis in that rather rare affection being approximated to 
each other in inspiration and relaxed in expiration, — the reverse 
of the normal movements. Prolonged expiration, cjtpirntoTy 

■ dy»pn(ii>a, occurs when the escape of air from the lungs is in any 
kvay impeded, as in diffuse bronchial catarrh associated with 
vesicnlar emphysema, though in these circumstances the inspira- 

■tion also is lengthened. 
^ The greater depth of the respiration is the result of the 
increased action of tho ordinary respiratory muscles assisted by 
that of the ar<e8sory muscles, the latter term iuclndiug those 
which, though they take no part in the thoracic movements when 
the breathing is normal and quiet, contract powerfully when it is 
desired to expand tho chest to the utmost. 
^ The accessory inspiratory muscles in the neck are the scakni 
and the tftertiomasfoids. The anterior and middle scaleni raise 
the first rib, the posterior scalenus the second ; these, however, 
eq)ecially in the female sex, are not entirely inactive even in 
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ordinary respiration. WTion tbe head is fixed the stemomastoids 
elevate those parts into which they are inserted, — the clavicles 
and Bternum. Certain of the thoracic muscles also may be 
considered accessor^' muscles of inspiration. 

The peciorales (major and minor), when the dyspnoea is very 
intense, raise the rihs (second to sixth) when the head and 
shoulders are fixed ; it is by availing themselves of the action of 
these muscles that emphysematous patients, when suffering from 
an attack of asthma, seek to obtain relief in graspiii;:; firmly some 
object above their heads. The scrrati postid superior's elevate 
the upper ribs ; the suhclaviHs has a similar action on the first 
rib when the clavicle is stationary ; the levator cs cost arum (breves 
and longi) draw the posterior portion of each rib towards the 
vertebral column; the h'vator atiguli sc«/Mtic, that part of the 
traprzins which rises from the occiput and is inserted into the 
clavicle and acromion, and probably also the set r<(ti ttntici viajores, 
aet as inspiratory muscles, inasmuch as they move the lower and 
middle ribs upwards and outwards when the shoulder is fixed. 
Finall}', it has been proved by experiments on animals that in 
asphyxia the elevators of the head and spinal column aid in 
inspiration ; iu men it is only when suffocation is threatening, in 
croup and spasm of the glottis, that these muscles are called into 
action.* 

While the above-mentioned muscles are to be regarded as 
dilators of the thorax, others, such as the Icvatores nhf nasi and 
the levator palati inoUiH, co-operate with them by enlarging the 
openings by which the air enters ; the sterno-hyoid^ sterno- 
thyroid, thyro-hyoid and omo-hyoid muscles also, by depressing 
the larynx, facilitate the admission of air into the lungs. The 
most important of the accessory muscles of this kind are the 
crico-aryienoidcl postici ; when respiration is at all embarrassed 
they at once contract powerfully, separate the arytenoid cartil- 
ages, and so dilate the rima glottidis. 

In animals the various groups of accessory muscles of inspira- 
tion are brought into play iu a certain order, according as the 
difficulty of breathing increases; thus Traube states that first 
the elevators of the upper ribs are thrown into violent contrac- 




* One mvj easily, by giinplj fixing the arm*, demonitrate on hit owm p«r«on the 
fact ibat theie uiucles aie really uutmmeDtal in adding somewhat to the (oioea which 
diUte the chest 
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tion, then the scaleni, the elevators of the lower ribs, the sterno- 
hvoids and sterno -thyroids, and katly, the sermti postici 
superiores. In the haman subjt'ct no such order is observed, 
the additional movemeut is Bometimes accomplished by one set 
of muscles, at other times by another. In general, however, 
when the dyspnoea is considerable, the cervical muscles (especially 
the scaleni and sternomastoids) arc the first to come to the aid 
of the ordinary inspiratory muscles ; when the djspnoia is still 
more severe these are joined by the levatorea aitu nasi, and in 
the worst cases by the muscles of the breast and shouMer-blade. 

Expiration, even when abnormally prolonged by the presence 
of diffuse bronchia! catarrh or other obstacle to the emptying of 
the longs, is usually effected by the elasticity of the lungs alone. 
WTien this elasticity, however, is much diminished, as iu the 
advanced stages of emphysenifl, it is supplemented by the action 
of various muscles ; the thorax is thereby as far as possible 
reduced in volume, and so made capable of greater expansion 
at next inspiration. The principal rxjiimfory vutsdcs are those 
}f the abdomen ; they compress the abdominal organs and 
'thrust them upwards towards the diaphi*agm, the transverse 
diameter of the abdomen being shortened bv the action of the 
itransversdlig, tho long diameter by that of the recti. Other 
muscles assist in expiration by drawing the thorax downwards j 
the nbliqui (external and internal) and the tnangiihtris sterui 
depress the anterior part of the lower I'ibs, the scrrati postici 
inferiorett (antagonists of the serrati postici superiores) have a 
similar influence on the four lower ribs, and tho quadraius lum- 
borttm on the lowest rib. 

The existence of some difficulty of breathing may frequently 
be recognised at the first glance by the marked contraction of 
several of the accessory muscles of inspiration, such as the 
Bternomastoid, scalenus, omohyoid, and upper part of tho 
trapezius. Should these muscles become hypertrophied by fre- 
quent cxerciEe of their function, its often happens in patients 
who Lave long suffered from cmphyseraa, each contraction 
causes them to stand out prominently in their whole length, a 
phenomenon wliich is exceedingly striking when the neck is 
thin and emaciated, and when the supra -clavicular regions sink at 
each inspiration. The contractions of the accessory expiratory 
muscles also are sometimes visible. 

£ 2 
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The effective operation of these accessory muscles depends 
essentially on the jw^itioa of the patient. WTien decubitus is 
dorsal the muscles of the back, when lateral those of the under- 
most side, act but feebly; the patient therefore instinctively 
assumes such s posture as is best ndapt«l for the vigorous 
contraction of the most powerful of the inspiratory muscles or 
which permits of the co-operation of the greatest number of them. 
Accordingly the position of the dyspncetic patient, — excepting 
those cases in which he is not perfectly conscious, aud does not 
therefore select the most comfortable attitude, — furnishes us 
with a useful indication of the greater or less gravity of the 
impediment to the respiration. Thus, the obstacle cannot be 
one of any very great magnitude if the patient habitually 
lies on his back ; with every aggravation of the difficulty of 
breathing he assumes a higher position, and ultimately has to 
remain almost constantly in the sitting posture (orthnpncea). 
In the rao«t intense forms of dyspncea, such as occur in the 
asthmatic attacks connected with old -standing emphysema, in 
diseases of the heart associated with ascites, h,ydrothorax, &c., 
the patient is sometimes unable to sit in bed, but is obliged to 
pass many sleepless nights in a half-standing position or in an 
arm-chair. 

The semi-erect posture is often adopted even when the inter- 
ference with the process of respiration is not of a very serious 
character, especially if the afl'ection of the lungs or air-passages 
is attended by a profuse fluid secretion ; in this position the 
accumulated matters are more easily expelled on account of the 
greater aRsistance which the muscles of expiration are then able 
to render. 

The exact seat of the obstacle to respiration has also consi- 
derable influence in determining the habitual attitude of the 
patient. If it involves uue side of the chest only, as in pleurisy 
with effusion, it is found that breathing is more easily performed 
when bo lies on the afferttd side, as the muscles of the sound 
side are thus left completely unencumbered, and the healthy 
lung is at liberty to dilate to its fullest extent and so to 
partially compensfitc for the disablement of the other lung. 
Should the patient turn to the sound side the dyspnoDa is at 
once greatly augmented, for not merely does the hindrance to 
muscular contraction on the affected side continue as before, but 
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on the sound sido also the action of the chest is hampered, and 
the weight of the fluid pressinjg; on the healthy lung still farther 
reduces its available respiratory surface. On the other hand, at 
the nnnnu^ncement of painful unilatoral pleurisy the patient 
generally electa to lie on the unaffected side, as resting on the 
diseased side increases the pain. For the same reason when 
there is a painful condition of one side of the chest arising from 
other causes decubitus is usually on the sound side. These 
observations regardinji,' decubitus apply only to those diseases 
which are characterised by the severer funns of dyspncea ; in 
milder cases the patient reclines indiflerently on either side, 
according to habit. 

When the function of respiration is in any way impeded, in- 
crease in frequency and in depth are the most common changes 
that the act of breathing tmdergoes. But in some rarer cases 
respiration is not at all accelerated, or is even somewhat dower 
than in health ; inspiration, however, is then always prolonged 
and much more full. This type of respiration is observed in two 
conditions : — 

1. In stenosis of the larynx or trachea, acute or chronic. 

2. In lung diseases which are followed by affection of the 
brain. 

The first condition is best illustrated by laryngeal croup — in 
children the most frequent cause of laryngeal stenosis ; in it 
inspiration is prolonged, slow, and deep, and accompanied by a 
pecuHar crowing noise (stridor) which is audible even at some 
distance. This retardation of the respiration is due to the con- 
striction of the rima ifkitthiis which must always occur on the 
deposit of croupous exudation above- and below the glottis, but 
which may also take place independently of the presence of the 
croupous membrane, from inflammatory swelling and consequent 
partial paralysis (paresis) of the muscles which govern the vocal 
cords, especially those which relax them. It is thus only by 
dint of very violent effort on the part of the dilators of the glottis 
that the passage of air is permitted, so that inspiration hcromes 
labtrrhtus and deep; superficial, though frequent, respiration 
would be of little avail under such circumstances. Further, in 
those cases in which the vocal cords are covered with exudation 
expiration also is ohstructed and prolonged ; and as both inspi- 
ration and expiration thus occupy a longer period respiration as 
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a whole is slower. Section of tlie reciUTeut laryngeul nerve in 
aiumals produces narrowing of the glottis and gives rise to the 
same phenomena — diminution in the frequency of respiration 
and deepening of each individual inspiration. 

Thia explanation of the cause of retardation of the respiration is 
applicable to most casea of Btenosis of tbu larynx, even to those in 
which expiration is md obstructed. Thus, if a patient eudoring from 
paralyeifi of both poBterior crico-ajytenoid muacles, in which there is 
only inxjiirattir/j contraction of the glottis, should breathe rapidly he 
would be devoting as much time to expiration (which is free) as he 
doea to inspiration (which is diflictih) ; he ingtinetively prefers, there- 
fore, to protract inspiration at the expense of expiration. 

Experiments on animals furnish the trne explanation of the 
slowness of respiration in the second variety of oases, those 
which are comjdicated by the occurrence of brain tlisease. It ia 
Tvell-known that the respiratory centre is situated in the medulla 
oblongata, close to the point of origin of the vagus nerves. It is 
through these ner^•es that the respiratory impulse is excited and 
the rythmical character of the movements sustained ; when they 
are divided in the neck the frequency of respiration sinks con- 
sidernbly^ sometimes to even one-third its normal rate per 
minute, while each individual inspiration becomes exceedingly 
deep and is accomplished only by great muscular exertion ; and 
if the respiration of the animals bo operated on be still further 
embarrassed, as by puncturing one side of the chest or by inject- 
ing fluid into the pleura till one lung is fully compressed, and 
the functionally activo lung-surface in that way suddenly reduced 
by one-half, the breathing nevertheless remains slow and quiet 
as before. Similarly in men, respiration, notwithstanding the 
existence of a considerable obstacle to its proper pcrformanw, 
may be unduly retarded when the normal stimulating influence 
of the vagi is withdrawn, an accident which is apt to happen 
•when their medullar}' roots and the adjacent parts of the brain 
are compressed by fluid exudation, extrava.sation of blood, and 
other changes in the basis cranii. This same symptom, pro- 
longed and deep inspiration, is observed also in limited regional 
brain diseases [Hcerderkraukungen] affecting even parts distant 
from the vagus, — in the comu which follows apoplectic seizures, 
and in circumscribed softening. 

When the vagns is compre&Ged by tumours in the neck, or wounded 
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during operation or by gunshot, respiration bacomea less rapid, tbougk 
not to such a marked degree aa when the norve is divided iu animals. 
I have elsewhere recorded a ease of this nature, in which the respira- 
tions were 12 per minato and inspiration waa abnurmaU^ deep, depen- 
dent on paralj-sis of the v^iib £rum dipbthcritis of the fauces. 

There is a special form of dyspncca, known as Cheyne-S takes' 
liesjnralhm, which ia met with in some disenses of the heart and 
brain, and in certain other affections in the course of which 
cerebral complications arise. It consists in a regiilarly-occurring 
pause, lasting 4 — 1 minate, during which respiration is com- 
pletely suspended, and which is preceded hy the following 
characteristic train of dyapoceal phenomena : inspiration, which 
is at first Bhort and shallow, becomes gradually deeper, and finally 
^-markedly dyspno^al ; when this dyspaicea has reached the acme 
^Kof its severity respiration becomes again more and more superfi- 
cial with each successive inspiration, and eventually comes to an 
^^ absolute standstill. When the pause has continued \ — i minute 
^■ihese symptoms are repeated in exactly the same way. In 
^^the most pronounced cases the dyspno-al period, during which 
the respirations number about 30, occupies ^ — J of a minute, 
and the pause is of nearly the same duration. The whole cycle 
of phenomena therefore takes up 1 — 14 minutes; in less marked 
cases it lasts only about i minute, and may easily he overlooked, 
especially when the pause is very short. This variety of dys- 
pnoea rarely occurs iu the early stages of any disease, usually 
appearing only a few weeks, days, or even hours before death; it is, 
therefore, with but few exceptions, a fatal indication. 

Stokes' respiration is observed in a great many different affections, 
relatively nio^t often iu those diseases of the brain which give rise 
to compression in the neighbourhood of the medulla oblongata, — 
fanmorrhage, exudation, unJema, tumours, urttimiii, — iu certain cardiac 
diseases, such as fatty degoneratioo, sclerosis of the coronary arte- 
ries, stenosis of the aortic or mitral orifices, Su;, As all those con- 
ditions have one common feature, — diminution of the arterial blood 
supply, and so of the supply of oxygon, to tho brain or respiratory 
centre in the medolla oblongata, — Traube has assumed it as the starting 
point of his explanation of Stokes' pbenomenon. His theory ia that 
tkf in'itahHitij of the ir-ifiiiatori/ ciriilre is so materially lowereJ by the 
inadequacy of tlio supply of oxygen that a much larger accumulation 
of carbonic acid in the blood than is usual is ueccssary far the excita- 
tion of tho inspiratory impulse, that thus th© time refjuired for the 
taking up of the requisite quaotity of carbonic acid from the ttsauea is 
longer, and that therefore the intervals between each inspii'atioQ are 
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more protracted. In opposition to thia hypothesis, Filehne, founding 
hie views on some observations made on aBimftls (which, when strongly 
narcotised, breathe in the above-described lashioa) and on men, has 
shown that though the irritability of the central organ of respiration ia 
indeed diminished, thia alone is not sutiicient to produce Stokes' respi- 
ration, but that it is further essential that it be less easily excited to 
action than the vasomotor centre. The symptoms are caused there- 
fore in the following way : at tlie end of the respiratory pause there 
is a large disappearance of oxygen from the blood, carbonic acid has 
aocumuiated, the vasomotor centre is thoreby stimulated, and the 
arteries (tlie cerebral arteries among the rest] at once contract ; this 
produces a gradually-increasiDg ancemia of the respiratory centre, and 
inspiration becomes more and more deep ; this, however, supphes the 
■wanted oxygen to the blood, th& arterial spasm is relieved, the aufcmia 
of the respiratory centre passes oH', and with it the exaggerated 
impulse to respiration, and breatbing once more becomes superficial. 
When the arterial spasm has entirely subsided, so that the respiratory 
centre is abundantly provided with decarbonised blood, the stage of 
apnoea, the pause, is reached, and lasts till, by the abstraction of 
oxygen from the blood, the irritation of the vasomotor nervous centre 
is renewed and tlxe whole series of operations again gone throagh. 
That the arteries are strongly contracted is proved by the increase of 
the arterial tension and of the blood-pressure, while the ancemic condition 
of the brain is demonstrated by tbo fact that in young children, at the 
end of each respiratory pause, immediately before the re-commence- 
ment of respiration, and also while inspiration is gaining in depth, the 
great fontanelle is depressed. And further, this form of dyspnoea 
may invariably be arrested at the very commencement of each seizure 
by the inhalation of nitrite of amyl, which dilates the vessels. We 
are thus able to produce experimentally in animals all the phenomena 
which go to form Stokes' type of respiration ; wo can diminish or even 
cut off the blood supply of the brain, and so set up a gradually- 
increasing dyspnoea, and we can then re-establish the circulation and in 
that way reduce the dyspnoea or even arrest respiration. 



Spibometbt. 

(The estimation of the vital capacity of the lungs.) 

By the term viM capacity ia understood the greatest volume 
of air that can be inhaled by the fullest inspiration after the 
most forcible expiration ; it must not be confounded with the 
term total captteit^, M*hich means the vital capacity with the 
addition of that quantity of air which still remains in the lungs 
even after the most complete expiration. The latter, the residual 
air, is displaced only when the lungs collapse on opening the 
thorax. 
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The vital capacity of the Ittugs may be most conTeniently mea- 
Bored by means of Hutchinson's Spirometer, 

This instmment consists of two cylindcre, the outer of which is 
open above and filled with water, on which the inner one floatB : the 
inner cylinder is open at the lower end, and properly balEinced by 
weights placed on its upper closed end. A piece of elastic tubing, 
throngh which the patient is directed to breathe, is connected with the 
larger outer cylinder. Iti expiration the inner cylinder rises, in inspi- 
ration it sinks, and the distance through which it moves is registered on 
a scale ^aduated to show the number of cubic centimeters of air inhaled 
or expeUed. It ia seldom that the apparatus is used for determining 
the volume of air taken into the lungs, inspiration from the cylinder 
through the tube being somewhat unpleasant. To measure the amount 
of expired air the receiver is lowered so as to cause the index to point 
to a low figure on the scale, the nostrils are closed, a deep inspiration 
ie drawn, and the air driven from the lungs through the tube und into 
the cylinder ; the latter is buoyed upwards by the air which enters it, 
and remains fixed on the completion of expiration. If, fur oxamplo, 
the index has advanced on the scale from 2,000 ccm. to 5,00U ccm., 
the vital capacity of the individual is said to ho 3,000 ccmtr. 

The vital capacity of the lungs of healthy persons varies con- 
aiderably, — from 3,000 to 4,500 or 5,000 ccm. m men, and from 
2,000 to 9,000 ccm. in women. Besides sex the elements whose 
variation seems ioinflaence it most are height and ago. It increases 
at the rate of 60 ccm. for every centimeter of stature above 155 ; 
thus if the vital capacity which corresponds to a height of 
162 cmtr. be 8,000 ccm., that associated with a height of 167 
cmtr. should be 3,300 ccm. Its relation to age is seen in an 
increase of about 160 ccm. from the fifteenth to the thirty-fifth 
year, and a decrease of about 900 ccm. from the fortieth to the 
sixty-fifth year ; it is further very low in the extremely aged and 
in young children. Sedentary occupation and deficient nutrition 
lessen, the opposite conditions augment, the vital capacity ; it 
also undergoes diminution in the sitting posture, and when the 
Biomach is distended with food. The average in men of 20 — 40 
years of age and of medium height may be assumed to bo 3,600 
ccm., in women 2,500 ccm. ; in shorter individuals it may be 
3,000 or less, while in tall persons it may mount to 4,000 or 
more. 

The vital capacity ia diminished in all diseases of the respira- 
tory organs in which the expansibility of the lungs is interfered 
'with ; in the later stages of such affections it may sink to half 
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its normal amount, or even lower. This fall is dependent on, 
but is not exactly proportionate to, tlio extent of breatLing sor- 
face encroached upon ; thus, if half of the respiratory area ifj dis- 
abled, as by comprcBsion of on© lung by pleuritic eftusiou, it 
does not follow that the vital capacity will be similarly lowered 
by one half, as under euch circumstances the healthy lung 
expands more freely, and so compensates somewhat for the loss 
of function in the afl'ected lung. 

Like every method of examination which involves the use of 
large or unwieldy iustrumenta spirometry has never come to be 
regularly employed as an aid to diagnosis in the diseases of the 
thoracic organs, more especially as the data so furnished are, as 
a rule, less trustworthy than those easily obtainable by other 
means. In those cases also in which physical examination alone 
is sufficient to make it perfectly clear that the capacity of the 
lungs ia diminished, — as in pleurisy with copious effusion, 
advanced emphysema, Arc, — it is superfluous to demonstrate that 
fact further with the spirometer. Spirometry is thus most useful 
when the decrease in the vital capacity is so trifling as to escape 
detection by other testa, — as when infiltration is beginning in the 
apices of the lungs; even then, however, it is scarcely to he 
expected that so slight an organic change should very markedly 
hamper the breathing, as complete infiltration of one apex lowers 
the vital capacity by little more than 100 ccm. Further, the 
results may vary to tho extent of 100 ccm., according as the 
operation is performed with due care and attention to all essen- 
tial details or otherwise ; even persons practised in the use of 
the apparatus do not always succeed in raising the index to the 
same point. The vital capacity also difl'ers so widely in iudi- 
vidnals of the same height, age, and sex that, unless the usual 
and normal capacity of the patient under examination he known, 
one is warranted in making pathological deductions from it with 
confidence only when it falls decidedly below the physiological 
minimum. Finally, when the full dilatation of the lungs is 
from any cause prevented (as by pain), when respiration is 
abnormally frecjuent, or when the patient is very weak, spiro- 
metry can scarcely be said to be available as a means of 
diagnosis. 

Ncvertholesa comparative spirometric observation, carried on 
for^ some time and often repeated, — the above-named Boui'ces of 
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error boLug excluded,— comes to bo of considerable value, as 
indicating the progress of the disease (wbetker improving, 
stationary, or being further developed). 

The vital capacity is increased, in bealtli as well as in disease, 
by residence in elevated re(fio}i8 and by the use of certain pueu- 
imitic fipjHinitHHeg, — by innpirtttiiiii of t:ompns8t'd air, which pro- 
duces greater expansion of the luugs, and by I'jqiiraliim into 
rarefied air, which permits of the more complete emptyiog of the 
longs : in the latter case a portion of the residual air also is 
expelled, the tot»il quantity of air displaced is greater than 
nsaal, so that the lungs are made to dilate more fully in the fol- 
lowing iuspiratjon. 

The most widely-known paeumaLic instrnment is the portable appa- 
ratus introduced some years ago by Waldenburg, which is so con- 
stracted that the patient can at will mbaio ur expire into condensed or 
attenuated air. For therapeutical purposes the vital capacity may be 
augmented by expiration into a chamber the pressure within which is 
l-60tb, l-40th, or l-90th, less than that of the atmosphere, or by 
inspiration of air whose density is 1-COth — l-30th greater than that of 
the atmosphere. Inspiration of rarefied air does not add to the vital 
capacity, but it stimulatca the inspiratory muscles, making them 
act more energetically, and in that way overcome the difficulty experi- 
enced in breathing in such circumstances. Expiration into compressed 
air does not affect the vital capacity, and is therefore not resorted to in 
the treatment of disease. Though the volume of air set in motion in 
each act of respiration may thus be increased cither by expiration into 
rarefied air or by inspiration of coudensed air, these two methods of 
accompUshing that object cannot bo used indifferently. In pulmonary 
emphysema, for instance, in which the alveoli are abuormally dis- 
tended and inelastic, taking almost no part in the movements necessary 
for the expulsion of air from the chest, the deficiency is chiefiy in the 
expiration ; here the I'ital capacity/ .'dtauhl he increaat-d by i:r}nrin'j 
into an atiiiuspliere of lens than the iiarimd prfssun\ as by this means 
the cuniraction of the vesicles themselves is favoiu-ed and a much 
larger volume of air (1,000 — 2,000 ccm. more) given out than in the 
most forcible expiration under ordinary conditions : inspiration of 
compreBsed air, however, would onl}' have the effect of still further 
stretching the walls of the pulmonary vesicles and eo of reducing the 
dyspnceu (for which purpose, indeed, it is sometimes practised) but 
not the emphy.sema. When, on the other hand, the lung bos become 
partially consolidated by compresBion (as iu canes of pleuritic effu- 
sion), in stenosis of the air-passages, and in phthisis, the lowering of 
the vital capacity is owing to the iuabihty of certain parts of the Zungs 
to expand sufficiently, so that the defect is principally iu inspiration ; 
here it is evident tlmt the most appropriate method of treatment is to 
promote the expamivn '>/ the iuntjs b*j the inhalation of condensed air. 
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The benefit resulting from these proceedings is not of A merely teiB|N>- 
rary character, lasting only so long as the apparatos ia in lue ; the 
changes are frequently pormanent, especially if the treatment be p«^ 
aisted in for some time and the disease be not of a kind involving 
deetmction of tissne. Thae there are nnmeroas instances on recor 
in which palmonary emphyaema has been mnch diminished, in less 
aggravated cases actually removed, by expiration into rarefied air 
continued for weeks and months ; not only bab the dyspnoea been 
abolishod and the vital capacity greatly augmented (sometitues nearly 
doubled), but the lower margin of the longs has also been observed to 
rise gradually to ite normal level in the thorax. Eqoally favourable 
are the results of this pneumatic treatment in chronic bronchial 
catarrh, and in bronchial asthma (uncomplicated, or associated with 
emphysema or catiurh). In the early stages of phthisis also the 
capacity of the lungs may be permanently iocreaeed by the inspiration 
of compressed air. 

Pneumatcmrtnf. 

To Waldenbnrg also belongs the credit of having been the first to 
apply the estimation of the force exerted in respiration, — an oj)eration 
which, till his time, was regarded aa of merely physiological interest 
(Voleotin, Donders, Hutchinson, &c.), — to the diagnosis of diseues 
of the lungs. The manometer in most common use consists of a glaaa 
tube open at both ends, bent doable, and supported on a wooden 
fltand ; each vertical limb is about 270 mm. high and is half-filled 
by a column of mercury, the top of which marks the point assumed as 
Scro. One limb is turned horizontally at ite upper end and is inserted 
Into B cuontchuuc tube; this is connected with a mask which fits closely 
OD tho fuci<, absolutely excluding the air from the month and nose. 
On drnwnng hroath through the cooutchonc tube the column of mer- 
cury rises in tbnt limb of the manometer nearest to the patient and 
•inkn in tlio oUior, movements which are, of coorse, reversed in expi- 
ration. 'I'lio extent of the fiuctnatiou is read-off on millimeter scales, 
of which there are two, one on ettch side of the instrument, placed oo 
tho glass tubes, uid reaching above and below Uie zero point 
Obviously the nnmbcrs so obtained must be doubled, as the qniokol 
ailTor descends in the one limb exactly tiie same distance that it 
Mcandit in the other. 

It has boon abundantly proved by the resewehee of the above-men- 
tioned observers that i" i- .'i»l>y persons the /K»ir«-r pot forth in expirO'j 
t(»n rxi'i¥(h thrtt <>f I' usually by 20 — 80 mm. on the sc 

jiir-t • 'ii'd, Tlu) lom.wuij; tabic gives more nearly the limil 

WH )i Uio pressure i>f forcible inspiration and expiration maj 

Yarj HI II. mill ; — 

laipintiaB. Sicpirmtioa. 
Mm. M 

Iti miiderat>«)y «trt>ngmen... ... 70 — 100 80— 

In v«rv powerfully-built men ... 120 — 100 160— -:.;•> 
Id women SO — 80 60—110 
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These points od the scale are reached only when the mOTements of 
reepiralion are executed rapidly and with the utmost exertion of the 
respiratory muscles ; the mercury is then maintained at its maximum 
height for scarcely a second, and falls again immediately. When 
inspiration and expiration are performed slowly the manometer indi- 
cates a much lower pressure, and the mercury remains longer at its 
highest point, oscillating slightly upwards nnd downwards. For 
practical purposes the former method recommends itself to the investi- 
gator, as we thereby ascertain the positive maximum of inspiratory 
and expiratory power the patient is capable of exerting. 

As these pueumatometric signs have such a wide range even within 
the boonds of perfect health, it is important to know at wbat point 
they overstep these hmits and acquire a pathological signiticance. 
Generally speaking it may be inferred that an (ibfuilutr diminution of 
preBBure exists in those cases in which it is decidedly below the 
physiological minimum ; further, in largely-built individuals the physio- 
logical wean should be taken as the standard, any doniiward deviation 
firom which is to be regarded as indicating disease ; above all, how- 
ever, the comparison of the inspiratory with the expiratory mano- 
metrie pressure fiu^ishes the best guide to a decision in this matter. 

The diseases of the respiratorj- organs may be divided into two 
principal pneomatomctric types : in the first the conditions of health 
Are reversed, the positive expiratorj' pressure being less than the 
negative inspiratory force, while the latter may be somewhat increased, 
□onnal, or subnormal ; in the second the negative inspiratory pressure 
is lower than the phj<8iological minimum, while the positive expiratory 
force may be normal or subnormal, in the latter case being still 
slightly greater than the insinratory force. To the first class, that in 
which the exjiiratonj preiSHre is diminished, belong fntlmoriarif eiitpky- 
tetna (the lowering of pressure being here due tu diminution in the 
elasticity of the lung-tissue), l>n>}uhiti^<t and iutious mthnui. In the 
second class, in which it is particularly the imjiiratiDy i>onif that is 
, lessened, are found j'hthiid.^ pithntmvm (the manometric difl'eronce 
ig observable here even when the disease is of but siigbt extent), 
irwM nf th^ latynr and trachea, and generally those diseases of the 

spiratory organs which ofier increased resistance to the expansion of 
l^the longs (pneumonia, pleurisy) ; in the more advanced stages of such 
eases the expiratory pressure may also be decreased. Among 
diseases of the heart mitral lesions most uiinally produce diminution 
of expiratory power, the result of the consecutive hyperemia of the 
lungs (Waldenborg). Tumours of the abdominal orgaus (pregnancy, 
effhsions, &c.), inasmuch as they impede expiration rather than inspi- 
ration, tend chiefly to leesen the expiratory force (Eichhorst), 

It is worthy of notice that in comparing the pnenmatometric 
with the spirometric signs, in health and disease, we hnd no evidence 
of any fixed relation between respiratory pressnre and vital capacity ; 
the fionner may be high while the latter is low, and vice versa. 
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The phenomena discoverflljle by palpation, with the eiception of 
those elicited in the examination of piiiufnl spots, do not belong 
exclusively to this method, most of them being recognisable also 
by means of auscultation and percussion. Palpation is therefore 
most commonly resorted to merely as a means of confirming or 
modifying the results of other methods of examination. 

1, Movements of the Thorax. 

The movements of the cheat in inspiration may be aa accurately 
ascertained by palpation as by inspection and mensuration. The 
palmar surfaces of the bands should be placed on the sides or on 
the anterior and posterior surfaces of the chest according as we 
wish to obserre its lateral or antero-posterior movements ; in 
this way even a very slight lagging-behind of one or other side is 
easily detected, freq^nently more readily than by inspection. 

2. Examination of Painfdl Regions. 

The seat of a painful sensation is often very vaguely indicated 
by the patient and can usually be determined with accuracy only 
by the application of the finger. Pain arising from affectumg of 
the bones forming the framework of the thorax, such as periostitis 
of the ribs, is aggravated by pressure. Ph'uritiv pain, which 
may quite escape the notice of the patient if the irritation of the 
pleura be not verj' intense, is frequently elicited only by pressor© 
in one or more intercostal spaces and is always thereby con- 
siderably augmented ; deep inspiration and forcible e^cpiration, 
as in coughing, produce the same results. Pain in the inter- 
costal nerves, inU-rcoitul nntmUjia, is similarly increased by 
pressure. The pain of pleurisy may be distinguished from 
that of intercostal neuralgia by the fact that in the latter it 
generally extends along the whole course of the nen^e in the 
intercostal space or becomes pecuharty acute on exercising 
pressure at certain spots ( " painful points." ) Pain in the 
muBclea of the thorax, innwHlar rhcmnntium, is invariably aggra- 
vated by compressing the muscles between the fingers in a 
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direction transverse to that of their fibres ; occasionally it is felt 
only when this is done, and it is further never bo perfectly 
localised as the pain of pleurisy or neuralgia. Patients flome- 
times complain of undefined uneasy sensfltiong in the chest which 
it is imimssible to trace clearly to any of the above-named causes; 
these are most probnbly propajjateJ from Bome organ or nerve 
situated in the immediate ueiKhhourhood. 



3. Pectoral (or vocal) Fremitus, 

By this term is designated a ribration of the walls of the thorax 
felt whilst spfdhiiiff, singing, or screaming, by placing the hands 
on the chest. The vocal cords, throwii into vibration by the 
expiratory current of air, transmit those vibrations to the whole 
column of air in the bronchi and, if there be no special obstacle 
in the way, to the walls of the bronchi and through ihcm to the 
thoracic parietos. The ititmsity qf ihr jxxtorulf remit tiii depends, 
apart from the mere strength of the voice, on the following con- 
ditions : 1st, On (he pitch of the roice ; the vibrations^ of the 
vocal cords in the production of a low-pitched tone being neces- 
sarily hwficr than those concerned in the production of a touo of 
high pitch, the sonorous wave is carried outwards with greater 
force ; just as in musical (stringed) instruments the vibrations of 
the lower strings are much more perceptible than those of the 
upper Btrings, being fewer in number in a given time, so in the 
htiman voice difference in kme gives rise to variety in the strength 
of the vocal t'remitus, the latter being more marked m men than in 
women, most distinct in those having bass voices, and most feeble 
in high sopranos. 2ndly, On tkr tUdtnetir of tkc hroufhiis into 
ichich the vocal vihrtttiimn arc c(in<luctc<!, (inil itn position relatively 
to the thoracic icall ,■ it is most intense therefore on the right side, 
the right principal bronchus being wider, joined to the trachea at 
a less acute angle, and situated nearer to the vertebral column than 
the left, which is also separated from the spine by the a'sophagus 
and the aorta. 8rdly, On the mdffnitudc of the resistance offered 
to the passage of (he atmoroitg vihrations thrtmfjh the walU of the 
chest ; the vocal thrill will therefore be most perceptible in patients 
in whom the subcutaneous fat is scanty and the muscular system 
but slightly developed. 4thly, 0» the digtunce of the spot under 
txami nation from the hirrfux ; the fremitus is strongest over 
the larynx, is distinctly appreciable in the upper parts of the 
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chest (in the clavicular regions in front, and between the shoulJer- 
bkdes behind), and diminishes in force inferiorly. 

Under certain patltolofjical conditions the pectoral freniitus 
is dimijiished or oven abolished, at other times it is increased, 
these moditiftitiona being rarely bilateral, usually confined to one 
side, and extending over a greater or less area of the chest-wall. 

It is dimiitished by the effusion of a large quantity of fluid into 
one aide of the chest, and disappenra entirely when the exudation 
fills the cavity of the pleura and causes complete collapse of the 
lung. In the latter case the total suppression of the fremitus is 
obviously due to the fact that the vocal vibrations are but feebly 
conducted through the compressed bronchi and arc still further 
weakened and diffused in the mass of the fluid effusion. The 
pleuritic exudation here checks the sonorous waves, acting exactly 
like the damper of stringed instruments, or the cloth covering 
which is placed on a tuning fork to deaden its sound. 

Effusion which is small in amount, not encysted, limited to 
the lower and posterior part of the pleural sac, has little effect on 
the vocal fremitus ; a decided diminution in its intensity takes 
place only when the thickness of the exudation reaches or exceeds 
2i cratr. In eases of double pleurisy with effusion, in which the 
quantity of fluid thrown out is usually small and occupies the 
lower and hinder part of the chest, the pectoral fremitas is 
slightly feebler on both sides. 

Diminution of the vocal thrill in the lower and posterior part 
of the thorax is of great value as enabling us to distiBgaishi^^l 
between pleurisy and pneumonia in the inferior lobe of the long'^^ 
when the other symptoms alone are not sufficiently pronounced 
to warrant an exact diagnosis ; it clearly indicates the presence 
of the former affection, as in the latter the fremitus is never 
decreased but always increased. 

In the stage of absorption of pleuritic exudation the pecto; 
fremitus, which had previously been abolished, becomes a; 
perceptible. This sign is of considerable importance, as it ma; 
sometimes be observed when the other symptomB of absorption 
are still absent ; more especially the level of the fluid may remain 
tmaltered though absorption has gone on to a considerable extent, 
the mass of exudation being simply reduced in thickness and the 
resistance to the propagation of the vocal vibrations in that way 
lessened. 
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ailarly in pneumothorax the vocal fremitus cJiBappeara 
because the sonorous vibrations penetrate tbe luug with diffi- 
•culty and are arrested in the i^asftous medium interposed between 
the lung and the chest wall. Ashght diminution of tbe thrill is 
frequently noticed when the bronchi are loaded with secretion 
from the mucous membrane, as in chronic bronchial catarrh, the 
cause here also being that the abundant secretion presents an 
obstacle to the entrance of the waves of sound into the air- 
passages ; after free expectoration the fremitus returns. 

When the parenchyma of the luug is consoUdated by infiltra- 
kion and so rendered void of air the pectoral fremitus is incrcmed, 
the condensed lung-tissue being an excellent conductor of sound. 
In normal conditions the voice is heard only very faintly over tho 
side of the chest, as the healthy lung, consisting, as it does, of 
non-homogeneous tissues, — air-spaces and fibrous septa, — offers 
continual interruption to the outward passage of the waves of 
sound ; when, however, the lung is infiltrated and impermeable 
to air it becomes a firm, homogeneous body, and acquires a higher 
condncting power. Further, the vibrations emanating from the 
Tocal cords, when transmitted to the bronchi of a condensed 
portion of lung, are concentrated, being prevented from entering 
the infiltrated alveoli ; they must thus reach the surface of 
the thorax in an exaggerated form. But it does not invariably 
happen that the pectoral fremitus is increased when the pul- 
monary tissue is consolidated ; that this may be the case it is 
necessary that the bronchus leading to the part of the lung 
involved be in free communication with the trachea ; should this 
commnuicatiun be interrupted, as by superabundant bronchial 
secretion, tho fremitus completely disappears, but returns when 
the mucus is expelled by coughing. Amongst those diseases 
which cause condensation of the lung-tisaue, that in which tho 
Tocal fremitus is most frequently and moat markedly augmented 
is the stage of hepatization in pneumonia ; here the impermeability 
and solidification of the parenchyma are most pronounced, both 
^ffts regards intensity and extent. Condensation from other causea 
^Hb generally less complete ; and in certain cases (of caseous pnea- 
^Bftonia for example) it is not unusual to find that the voice» from 
^concomitant disease of the larynx, is very feeble even over the 
■vocal cords, so that its vibrations are no longer conveyed with 
distinctness to tbe surface of the chest. 
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detected by the ear than by the hand, the pleura becomes in- 
flamed and covered by fibriuous deposit when the cheesy pneu- 
monic process going on in the apex approaches sufficiently near 
to the surface of the long. Pleural fremitua varies considerably 
in its duration ; it sometimes remains only a few days at one 
part and then shifts to another according as the level of the fluid 
in the thorax altera, at other times it is fixed for a longer period 
at one spot; fremitus may thus persist for weeks or months 
according as the process of aliBorption is more or less prolonged. 
The diflerential diagnosis between pleural fremitus and other 
similar sensations connected with the respiratory apparatus is 
given below. 

5. Bbonchial Fremitus, 

(vibrations caused by the movement of fluid secretion in the 

bronchi). 

If the bronchial mucous membrane be extensively swollen, 
and the calibre of the bronchi in that way reduced, or if the air- 
passages be loaded with a very abundant fluid secretion, the 
entrance and exit of the current of air are obstructed ; the bronchi 
are thus thrown into vibration and the fluid contained in them 
set in motion by the air as it passes through. The bronchial 
vibrations and the movements of the secretion are transmitted 
through the lung to the parietes of the cheat, and tbese take the 
form of the fremitus under discussion, a very exact conception of 
the peculiar character of which may be obtained by applying the 
finger to a bass string which is vibrating powerfully.* As 
bronchial fremitus, when present, usually manifests itself over a 
large area, sometimes over the whole of the thorax — though pos- 
sibly not with equal intensity at all points, — -it is necessary, in 
order readily to ascertain its extent, to lay the palmar surfaces 
of both hands first on the back and front and then on the sides, 
directing the patient at the same time to make several deep 
inspirations. It may be of much the same intensity both with 
inspiration and with expiration, though occasionally it is more 
distinct with the latter, — a circumstance which is explained by 
the unusual slowness of expiration when the calibre of the 

* I -would recomniend the term bronchial frtmitu* to designata Use iinpn»noii aboTe 
deMiibed, especially ai it presenta an analogy with the expraaoiotu pectoral /remitut 
and plnral /rtmUut, 
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bronchi is reduced by widespread catarrbal swelling of the mucous 
membrane. 

Bronchial fremitus is distinguished from pleural fremitus by 
the following points : it has none of the irregular, jerky cha- 
racter which marks the latter, in expiration it is as strong as, or 
even stronger than, in inspiration, and it may be temporarily 
diminished or even matlo to disappear by violent coughing, and 
especially by expectoration of mucus j in some other cases, in 
which the cough is unaccompanied by expectoration, the fremitus 
becomes weaker at certain parts of the chest but intensified at 
certain other parts, — a phenomenon which has its origin in the 
fact that forcible coufjhiug displaces the fluid bronchial secretion 
and causes it to occupy less space than before. Pleural fremitus, 
on the other hand, is not at all modified by cough. (Various 
other diagnostic characters are revealed by auscultation, which 
Bee.) 

Broncbial fremitus indicates the presence of tUJ'mf hroitchial catarrh. 
This agitatiou of the bronchial eecretion is not only perceptible to the 
hand but ie abu audible, even at some distauce from the patient, as a 
large broncbial rale. (See chapter on Riiies.) 

It is usually one of the most prominent symptoms in the bronchial 
catarrh of young cbildreo, as the mucus secreted in that disease, from 
the inability of patients of tender years to expel it by the act of cough- 
ing, accumulates largely in the bronchi. — The part at which the Said 
secretion has chiefly collected maybe determined with a certain degree 
of probability by simple palpatioo, the fremitus being at such points 
rougher and of a more rattling character ; nn exact diagnosis, however, 
is attainable only by means of auscultation. (See chapter on Rales.) 



6. Vibrations dependent on the Mo\-ementb of Fluid 
Secretion within Pulmonary Cavities.* 

The agitation which is caused by the movements of reapira- 
ition in the fluids contftined in cavities in the lungs is communi- 
' eated to the walls of the thorax, but only when these cavities are 
situated in the tipper lobe, and near the surface of the lung, and 
when the chest itself is much cmacinted. These vibrations 
difier markedly from those which have just been under conside- 
ration; they are feebler and finer, give the impression of the 
bursting of small bubbles, and are usually noticeable only at the 
end of inspiration, in the upper part of the chest in front, and 
♦ [C&Tenioiu Fremitiia. — Trans.] 
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over a limited area. They are entirely wanting when the exoa- 
yation has taken place in the lower lohe, as the thickness of the 
mnscnlar coTering in that region offers great resistance to their 
transmission. Congh, especially when followed hy expectoration, 
weakens them very much, or abolishes them for a time. (See 
chapter on Bales.) 

7. Fluctuation in the Thobax. 

In cases of pleurisy in which the effusion is very considerable 
in quantity, almost completely filling one side of the chest, a 
feeling of fluctuation may sometimes be elicited by placing the 
palmar surface of one hand on the side or back of the thorax and 
tapping on the front with the finger of the other hand. 

One might a prwri expect to find flQctaation Id such a case ; occa- 
sionally, however, the rigidity of the thorax is such that the force im- 
parted by the finger does not reach the fluid, or the chest-wall does not 
yield to the wave even when the fluid is set in motion. The presence 
of a thick covering of exadation on the pleone may also prevent the 
production of flnctaation, — a fiirther consideration which also explains 
the comparative rarity of the phenomenon. 
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H18TOBICAL Note. 



The discovery of thoracic porcussioa we owe to Auenbruggcr, who 
•waa born at Gratz in 1722 and died at Vienna in 1809. When en- 
gaged in the stady of empyema and the indication^ for the practice of 
tboracenteeis be learned in 1753 to diutinguisb the healthy from the 
diseased side by the didereat sounds which they yielded to porcuaeiou. 
After having worked at this subject about seven years he pnbhshed, in 
1761, his " Invcntum nnvum ex percussione thoracis humuni ut eigno 
abstrusoB interni pectoris uiorbos detegendi." Auenbrugger himself 
recognised the value of his now method of exploration in the diagnosis 
of difleasos of the chest, — though he had no couceptiou of the wide 
application it was to receive in our day, — and insisted on its importance 
in his " Monitorium " addressed to his fellow-phyaicians. It was, 
nevertheless, much neglected by thom : to some it remained quite un- 
known, by many it was coafouuded with the Hippocratic aucciission 
observed in pyopneumothorax and accordingly ridiculed as the "In- 
▼entum novum autiquum," while by others (van Swieten and de Haen) 
it was set aside as unworthy of serious consideration. It was only by 
a very few, the principal of whom waa Stoll, that it was employed in 
practice ; and when the latter died in 1787 the great discovery passed 
into utter obUvion. Not until 1808, shortly before Auenbrugger's 
death, did the " Inventum novum '" become generally known to German 
physicians, through Corviaart's French translation. Corvisart extended 
the application of percnssion to the diagnosis of cardiac diseases and 
aneurism of the aorta. But it is to Piorry and Skoda that the most 
important advances in the study and practice of percussion are due. 
The former invented the Pleiimeter {iu 1820), and was also the first to 
avail himself of percussion in the examination of the abdominal organs ; 
the latter clearly traced the special quaUties of the percussion- sounds 
to their general physical causes, he originated the doctrine on which 
all our notions regarding percussion in normal and pathological con- 
ditions are based, and added to our knowledge of the sounds that may 
be produced by striking on the thorax by his exhaustive researches on 
the gabject of tympanicity (1839). 

For many details concerning the interpretation of the rarious qaali- 
tiea of the percussion sounds we are indebted to Wintrich (tympanicity), 
Traube (the pitch of the sound), Biermer, Geigel, Wintrich, Gerhardt 
^variations in the pitch of tympanitic and amphoric sounds), and many 
ethers. 

Wintrich invented the percussion -hammer in 1B41. 
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Methods of Percussion. 

There are two methode, immediate and mediate. 

1. Immediate percussion, the method employed by Auen- 
brugger and also for some time by those who came after him, is 
performed by Btrikincj the thorax directly with the points of the 
fingers. In this way the more obvious of the differences in the 
intensity of the percussion sound are easily enough recognised. 
We thus obtain in the upper part of the chest a sound which we 
at once perceive to be distinctly clearer than that of the hepatic 
region ; and we may also, by this means, define the Tarioua 
organs from each other with considerable exactness, and succeed 
in determining the presence and extent of man}- pathological 
conditions, such as pleuritic exudation, pneumonic hepatization, 
&c. The sound elicited by immediate percussion is loudest over 
the osseous portions of the thorax, more especially over the 
broad smooth surface presented by the sternum. Much less, 
clear is the tone yielded by the direct percussion of the softer 
parts, — the intercostal spaces, the supra-clavicular and supra- 
spinous regions, and the abdomen. This method has now, how- 
ever, been generally abandoned, as it does not enable us to 
distinguish with sufficient precision between the finer shades of 
difference in the pitch or quality of percussion sounds. 

2. Mediate percussion. It may be practised in three different 
ways, — with the finger of one hand interposed between the body 
and the percussing finger, with the finger and pleximeter, or with 
the hammer and pleximeter. 

a. The method which consists in applying the second or index 
finger of the left hand to the skin and striking it witli the middle 
finger of the right is best suited for the examination of the 
irregular or uneven parts of the thorax, to which the pleximeter 
cannot be made to adapt itself accurately ; it is thus applicable 
in cases of depressed sternum, of undue prominence of the ribs, 
(particularly in emaciated jicrsons), when the intercostal spaces 
are narrow, and we wish to define sharply the boundary line 
between solid organs and those permeable to air. 

6. As the interposed finger is apt to become the seat of con- 
siderable pain and swelling if frequently percussed upon & 
pleximeter is usually substituted for it. 
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This instruTncnt is commonly made of ivory, thoagb eometimea 
Talcanite or other hard substance is used in its constractioQ. The 
most useful form of pleximeter is an oblong, slightly oval plate of 
simple ivorj', about 2^ cmtr, in breadth, and fitted at each end with 
small vertical ears roughened on their tuiter aspect. The accurate 
delimitation of organs is much better accomplished by narrow than by 
broad pleximeters. Inetmrneots made with movable metallic: bandies 
should not be used, as the handles become loose and make a clattering 
metallic sound when the plate is struck. In using the pleximeter it is 
above all necessary to see that it is closely applied to the surface of the 
body, especially when examining uneven parts, as otherwise a small 
quantity of air may lodge between the instrument and the skiu, the 

torbance of which by percossion may give rise to accessory vibra- 
tions. 

In percussing parts whoso surface is very onequal the double 
pleximeter proposed by Seitz, made of caoutchouc and shaped some- 
what like the bent tongue spnttila. will be found very couvenient. In 
such cases also we may percuss on the end of the finger, whi«h form* 
a pleximeter having the advantages of being easily adaptublo to all 
parts and of being small enough to serve for minute examination. The 
same object is accomplished by placing the pleximeter not on its flat 
side but erett, endways, and percussing on one of the fixed ear-like 
handles should these be large enough to ansvi^er the purpose ; in such 
eircnmstances, however, percussion with the fingers alone is easier and 
gives the most trustworthy results. 

In percussing, both on the finger and on the pleximeter, the finger 
with which the stroke is deUvered should always bo half-bent, while 
the movement of the hand should be entirely from the wrist. The 
proper execution of this manoeuvre demands a degree of skill which is 
acquired by many only by long practice ; those, however, who are ac- 
customed to play on musical instruments, especially the piano, already 
possess the necessary command over the wrist. 
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c. PercQssion performed on a pleximeter with Wintrich's 
hammer. This method is the easiest to learn, it is, as the 
finger is not used, the least disafTreeable to practice, and by it 
louder and more definite Bounds may be educed than when the 
finger is used as the striking agent. Very marked diftVirences iu 
resonance, such as that between the luug and liver Huuuds, are 
most clearly demonstrated in this way. Nevertheless, with this 
powerful percnssion-Bound is associated the great disadvantage 
that in it the finer degrees of difference in tone arc completely 
ost. It may be laid down as a rule that the stronger the per- 
CQHsion the larger the area over which the vibrations are distri- 
buted. It is on account of possessing more of tbis penetrative 
power that hammer-percussion is apt to lead to erroneous 
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conclusions, that a clear sound maj be produced even though 
the medium immediately behind the part struck be void of air, 
the neighbonriag air-containing structures being thro^wn into vibra- 
tion ; this source of error has to be specially guarded against in 
examining the cardiac and splenic regions. Another objection 
to the practice of hammer-percussion is that it involves the 
loss, to a great extent, of the sense of resistance which is 
experienced in finger-percussion. Both disiidvuntuges may be 
partially overcome by percussing with a light stroke, and by 
grasping the hammer, not at the end, but ut the middle of the 
handle, and at the same time keeping the index finger closely 
applied to the hammer-head ; the finger is thus brought nearer 
to the percussed structure, and the sense of resistance commu- 
nicated by the latter more readily detected. When the utmost 
precision is demanded in mapping out the size of organs and in 
tracing the boundaries wliu-h separate parts containing air from 
those which do not, when, for instance, we propose to define 
with rigorous exactness lung from liver, heart, splefu, ike, it is 
better to use the finger rather than the hammer, as by this tactile 
system of percussion the slight resistance of parts permeable to air 
and the greater resistance of those which are impermeable, are 
most distinctl}"^ ap[)rcciable. 

Whatever be the method of percussion adopted, if the examiner have 
acquired sufficiest ekill in its performance an absolutely accurate result- 
may always bo obtained. — Although hammer-porcUHsion, being the 
most easily maBtered, is most generally employed, it will be fouad ad- 
vantageous to porcuBB always with the finger and pleximeter so long as 
we can thereby elicit a diatinctly defined sound. He icho »> sldllrd in 
dujiial pemtssitm u-ill hr altie to prrcuns etjttallif uell uitfi the hamrner, — 
an axiuiH the inverse of which does mit hold ;/f>y</. It is also obvioos 
that besides being proficieut in the technical part of the proceeding it 
is necessary to posseas a sensitive ear, educated to distinguish between 
the finer gradatione of sound. 

Bnles regarding the employment of forcihlf or ijentle percussion can 
be set forth only in a general w^ay. — The stroke ahotdd be somewhat 
fordhle in examining those parts of the chest which are covered by a 
thick layer of fat or muscle,- — the mammary and gupraHpinous regions, 
— in order that the vibrations ra&y be carried through them to the 
Inng beneath ; gentle percussion in these parts would not give the true 
pulmonary resonance but only the dull sound of the superficial soft 
parts. Similarly, a stronti percusaion-stroke is necessary to determine 
the condition (as regards the jirennict' nf air) of deeply-neated stnu-tureif 
lying below other internal organs or tissues which may or may not 
contain air. (See p. 70). 
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On the other hand percassion mnsi be gmtie where solid and air- 
containing orrjans (lang and liver, long and heart) honhr mi fwk t)thfr 
superficially, and iu all caeeH in which it ia desired to aHcertaia the 
density of parts situated immediately helow the surface. The line of 
demarcation between lung and liver may tlius be most sharply defined 
by percussing downwards with so little force that on reaching the 
liver only the sound caused by striking the pleximeter is heard ; just 
at this point, however, at the end of a full inspiration the lower border 
of the lung encroaches slightly on the liver, and we then again obtain 
e clear pulmonary sound. In this way we find that the ear appre- 
tes more promptly the difference between nhxulute dnhiian and di^ht 
otumcf than that between the tjreali'r or l<:-<.\ chariunK of the tone 
produced by more forcible percussion. — The percussion-stroke mast 
also be less energetic iu children than in adults, because in them the 
orax is more yielding and the internal organs are smaller, so that 
e vibrations generated by percussion at any part are more widely 
conducted through the tissues, and in that way the more delicate altera- 
tions in the nature and quality of the sound are bidden ; thus it often 
happens that in percussing the chest in chUdren a powerful stroke is 
answered by u sound of a tympanitic character proceeding from the 
simultaneous vibration of air in the intestines. — It is advisable also to 
jpercuBs less vigorously in the vicinity of inflamed and puiaful parts, 
over pulsating aneuiisms (to avoid tJio danger of bursting them) and 
cavities in the lungs ; rough treatment of patients in whose lungs 
destructive processes are going on gives rise not only to pain but fre- 
quently also to attacks of coughing. Those who have shortly before 
suffered from htemoptysis, or arc still bringing up blood iu the expec- 
toration, should not be subjected to examination by percussion ; cases 
— nsnally phthisical— are not wanting in which hajmoptysis has fol- 
lowed repeated percussion of the chest performed for the purpose of 
practical clinical teaching. 

One of the most important rules is always to percuss the thorax 
MifmnK'trieifllif on the two sides. Although the more marked deviations 
from the aormal resonance are usually at once appreciated by the ear, 
it is only by careful comparison with the sounds given by the corres- 
nding part on the healthy side that, the sUgbter variations can be 
satisfactorily made out. Thus in examining the lungs in front they 
should be percussed symmetrieally from the supraclavicular regions 
downwards to the fourth rib, at which point the heart is encountered 
on the left side ; laterally and posteriorly the same comparative method 
of examination may be coutiaaed downwards quite to the lower borders 
of the lungs. The muscles on both sides should as nearly as possible 
be in the same state of tension ; if they be more tense or prominent on 
one side than on tlie other the resonance will be somewhat diminished 
on that side. In percnssing the back of the chest the arms should be 
crossed in front in order to increase the space between the shoulder- 
blades and to ensure that the muscles of the back shall be in an exactly 
similar state of contraction on both sides. In like manner in per- 
cossing the supraclavicular fossiE the patient must hold his head 
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erect, with the face looking directly forwards ; ehonld he incline it to 
one side, as he ja apt to do for the cnnvenience of tlie examiner, the 
Bound becomes lesH clear from the increased tension of the soft parts of 
the neck. So far as tho percnseion of the lungs is concerned it is 
immaterial whether the patient assumes the sitting, standing, or 
recumhent posture. 



The Thoracic Percussion-Sound. 



This sound is of a complex nature. It is produced essentmUy 
hy the vibrtition of air contained in the jmlmonary air'vesicks, 
in part also by the vibration of the thoracic parictes, and is to a 
certain extent ioiluenced by the degree of tension of the paren- 
chyma of the lungs. That the normal clear percussion-note 
depends principally ou tho vibration of air in the lung is proved 
by the facts that it becomes decidedly duller as the capacity of 
the lung diminishes, and that when a lung which has become quite 
impermeable to air {c.(}., consolidated by pneumonic hepatiza- 
tion) is extracted from the thoracic cavity and percussed it gives 
a perfectly dull, almost inaudible, sound. That the vibration of 
the chest-wall also is concerned in the production of the sound 
under discussion is indicated by the circumstance that the lung, 
when removed from the chest and inflated, is less resonant than 
when still within the thorax. And lastly, that the percuasion- 
Bound is to a certain extent modified by the varying stato of the 
lung as regards the tension of its tissue, is shown by some 
pathological observations, to be mentioned further on, 

Macy authors deny that the chest-wall participates in any degree 
in the causation of the percussion-note, by others the part it plays is 
much over-c&timatcd, while by some it is considered the only part 
concerned in the production of the Bonud. Wilhams explains the 
norma! thoracic resonance exchmnhj in this way ; he believes that 
the vibrations of the thoracic parietes, which are readily propagated 
through a lung filled with air, are disturbed in their transmiseion or 
completely arrested by an imperaieablo lung, or by the presence of 
fluid or solid exudation in the pleural sac, — just as the tone emitted 
by a violin -string becomes feeble when the mute is placed on the 
bridge of tlie inBtrument, Such a tJieory is fitted to explain only 
the diminution in the intensity of the sound in condensation of the 
lung, though it is not to be forgotten also that a hepatised Imig, when 
taken from the chest, is just as non-resonant as before its removal ; it 
does not, however, satisfactorily account for the production of tones 
having a tympanitic and metallic timbre. WiJIiams' theory requires 
DO detailed refutation. It is evident, on the other hand, from the 
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PBOPERTEES OF THE PERCUSSION-BOUND. 

following consideratione, that the chest-wall doex cintrihute in some 
degree to the formation of the percusaion-sound : Mazonn has shown 
that when the free vibration of any part is prevented by the preasiuo 
of the himd or of weights laid on the surface the note obtained in the 
region concerned loses in resonance, even after extraction of the tho- 
racic organs; increase in the tension of the ribs or skin raises the 
pitch of the Bound, decrease in the tension of the ribs (as after 
removal of the stemam) lowers it; the elevation in pitch which 
accompanies deep iaRpiration depends chiefly on the greater tension of 
the ribs caused by the expansion of the chest and on the contracted 
state of the muscles ; this raising of the pitch also occurs at various 
parts behind which no portion of the lung is situated, — a fact which 
negatives the idea that the inspiratory espansion uf the longs has any- 
thing to do with it ; it is moreover well known that increase in the 
volume of the lungs in inspiration has the opposite efl'ect, — it lowers 
rather than raises the pitch (Koaenbach ; see p. 88). 



The PEOPEETiEa of the Percossion- Sound. 



^B The classification of the properties of the percussion-soand is 

^Bbascd OD that of the qualities of a musical tone, thoagh Btrictly 

KBpeaking these two speciea of sounds cannot be regarded as 

absolutely identical with each other in all respects. A muBical 

tone is described as posBessing Pitch, Timbre, and Intensity. 

The pitch of a musical tone varies with the number of vibrations (as 
of a string or a column of air) which take place in a given unit of 
time. — Its limbtY depends on the construction of the musical instru- 
ment, all those made of like materials (stringed instruments, for 
example) giving tones of an exactly similar character ; timbre is also 
aligbUy ditlercnt according to the particular variety of instrument used, 
so that a cultivated musical ear is able at once to tell whether a given 
note has been sounded on a violin or violoncello. — The intai)iit!/ of a 
musical tone depends on the amount of force expended ia producing 
the sonorous vibrations, and consequently on the amphtude of the 
latter. 

The three qualities which distinguish musical tones are not 
found in the normal thoracic percussion-sound, — it possesses pitch 
and intensity, but not timbre ; it is not, in fact, a musical tone 
in the sense in which that expression is used in physics, but is 
better described simply as a sowtd. Aid. this normal sound, how- 
ever, does acquire timbre, the tone ("klang") which renders it 
of musical quality, in certain pathological conditions, a third 
property must be ascribed to it, — that of absence of timbre (want 
of distinct musical character, non-tympanicitj). Of these three 
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qualities, — intensity, pitch, and absence or presence'of the 
liaritj called timbre, — the most important is the^first. 



The Intenbity of the Pehcussion-Souni). 

(Clearness and dulness.) 

The opposite extremes in the intensity of a sound are strong 
and weak, loud and soft ; but in the terminology of percussion 
which provails in German}', the extremes are designated lowl 
and dull, the intermediate varieties of resonance mujjicd or 
chscurcd. 

However convenient this nomenclnture may be, if we wish to indi- 
cate the qaalities of tbo percussion- Bound as far as posaible in terms 
similar to those employed in describing musicai tones the above 
erpressious must be considered badly chosen, as dull ia not the 
opposite of Imtd bat of clear. On the other hand clfamfM and 
iluhifiis are not the opposite extremes of inttttxitij of a, tone, because 
a clear tone may be very weak (soft) and a dull one very loud; 
nevertheless hud and dull may be used to desigEate contrary quali- 
ties of a tone with respect to timbre and pitch.— It would thus be 
more appropriate to speak of the normal pulmonary sound as being 
both limd (strong) and clmr, the opposite of which would be soft 
(weak) and didl ; in this way we should indicate both the intensity and 
timbre of the sound. The term soft (''/me"), however, is one that 
has uever been definitely adopted into the terminology in question. — 
Mujflfd is a very fitting term by which to eipress the transition from 
loudncBS (clearness) to dulness, as a muffled sound is not only less 
tond but also less clear. 

Apart from the mere force exerted in percnssion, the intensltj 
of the sound depends, Ist, on the structure and thkkncss of the 
chest-wall; and, 2udly, on ih<' quantity of air crrntdined in the 
lungg. 

let. The shock produced by the percussion-stroke is mnch 
diminished in force in its passage throug^h the thoracic parietes 
to the lungs, this enfeeblement during transmission being the 
more marked the thicker tho tisaues through which the impulse 
has to be conveyed ; frequently, therefore, the amount of vibra- 
tion set up in the lung is hut very slight. Thus the sound that 
is given by the lung, even when the latter is in a nonnal condi- 
tion as regards air-contents, is always somewhat duller at those 
parts at which the subcutaneous fat is abundantly developed ; in 
the mammarj' region in females, when the breasts ore large, it is 





almost absolutely dull, especially on percussing gently ; it is 
also less clear over those parts occupitnl by large masses of 
muscle, as over the whole posterior surface of the thorax, 
especially in the supraspinouB regions ; it further diminishes in 
intensity when the covering of the thorax is thickened by oede- 
matoas swelling. Similarly, the percussion -sound becomes 
duller, sometimes even to a considerable degree, when the ribs 
are strongly curved and the chest-wall thereby increased in 
thickness ; this is eapedally noticeable on the posterior surface 
of the thorax in those suflfering from kyphosis, 
^^ 2. The sound is muffied when the quantity of air in the chest 
^'suffers diminution, and ia rendered positively dull when the sub- 
stance of the lung becomes completely iinpi'nnmhle to air. The 
Bound obtained on percussing a lung which is entirely void of 
air is quite indistinguiahable from that yielded by any other 
solid organ, such as the liver or tho thifih ; the typically dull 
sound iH therefore sometimes called the Jhnoral sound. 

The decrease in the volume of air in the lung, however, must 
be considerable, and must implicate the organ somewhat exten- 
sively before it tan produce any very sensible effect on the per- 
• cussion-SLtund ; a very slight diminution does not alter it in any 
degree. In percussing a lung removed from the body and 
powerfully inflated wo obtain a clear sound ; after allomng a 
small quantity of the air to escape we find that the sound 
remains quite as clear as before. In like manner it is frequently 
observed that in the beginning of acute, or in the course of 
chronic^ diseases of the lungs the percussion note remains unaf- 
fected, notwithstanding the marked falling-off in the volume of 
air which the lung is capable of accommodating, a diminution 
which is the inevitable consequence of the nature of the morbid 
process going on, and the existence of which is proved also by 

■ certain auscultatory signs to be subsequently considered. 
It is necessary, in order to the production of any marked 
decrease in the intensity of the percussion-sound, that the por- 
tion of lung rendered less permeable to air should have an area 
of at least 4 square cmtr., and that it should lie near the surface. 
^■-Ftff;^ circumscribed portions, even when situated superficially 
and perfectly consolidated, do not modify the sound, and still 
less is this effect produced by more deeply-seated lesions, even 
when they are of considerable extent. In the first case the 
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sound continues unchanged because it is impossible to confine the 
vibration caused by the percuss ion -stroke to an. area so limited, 
in the second case because the condensed parencb}Ti]ia is at all 
points covered by lung tissue which contains air and which gives 
a clear sound. 

It has already been stated (p. 74) that in order to detect deep- 
seated consolidation it is necessary to percuss with a fair amount of 
force, when it is found that tho tone rendered by the part in which 
such coaKolidation occtira ia less loud than usual ; positive evidence of 
its existence, however, is attainable only when it is comparatively near 
the surface and involves a somewhat large portion of the lung. Tho 
generally-accepted view, that this muffling of the resonance over those 
parts of tho lung in which consolidated tissue is sheltered behind 
tissue that is freely permeable is due to the diminished depth of the 
fitratmn of air thrown into vibration, is supported by the fact that the 
percussion- sound of largo portions of lung removed from the body 
and fully distended is clear, that of smaller pieces being somewhat 
duller. This is in accord with Weil's statement that the dnlness is 
not owing to any quahty communicated to tho sound by the solid part, 
— a theory that is founded on the following simple experiment ; Weil 
found that two portions of lung of equal size, removed from the body, 
gave an equally clear sound to percussion, and that the relation was 
not disturbed even when one of the pieces was placed on a suUd sub- 
stance, such as the hver. 

"ttlien the ear is accustomed to the normal pulmonary parens- 
sion-Bound very marked duluess is at once recognised without 
any comparative examination of the healthy side, though it is 
only by the latter method that the slighter deviations from the 
normal resonance are detected. Should the sound be of nearly 
equal intensity at two symmetrical points, — above or below the 
clavicles for instance,- — percussion of the smToauding parts must 
bo trusted to show whether or not it ia normal. — Obviously the 
stroke must be equal in force on the two sides. 



The diseases of the respiratory organs associated with decrease 
in the intensity of the percussion -sound may be arranged in two 
groups, those in which the air vesicles are inJiUratal with plastic 
exudation, and those in which they are suhjcctcd to pressurCf and 
thus temporarily or permanently closed (by the presence of fluid 
or tumours in the pleura?). 

1, Dubtt'ss due to inJiUration of the lungs. 

In pneumonia in the stage of hepatization the percussion- 
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sound becomes dull, the alveoli of the lung being completely 
filled with a fibriuoua eiudatioii which displacea the air they 
normally contain. The more nearly this hepatization, which 
usually involves one entii-e lobe, — most commonly the lower, — 
approaches the surface of the lung the more marked is the dul- 
11688, so that frequently the latter closely resembles the perfectly 
dull Uvef'Sound. The abaence of resonance, on the other hand, 
is less appreciable when the consolidated parts are separated by 
healthy Iniig tissue, and the sound suffers no sensible diminution 
if the induration be in ycry small isolated patches (see p. 79), 
iven when these are superficial ; and similarly when the affection, 
though comparatively exttinsive, occupies the central parts of the 
lung, as in central pue umoniu, the percussion-note remains quite 
unaltered. 

In the first stage of pneumonia, when, though the pulmonary 
capillaries arc engorged mth blood, the alvcoH are still free of 
exudation, the thoracic resonance is normal ; it is only towards 
the end of this stage, when a certain amount of exudation has 
been poured into the air-cells, but not enough to completely dis- 
lodge the air, that the intensity of the percussion- sound dimi- 
nishes ; it becomes slightly muffled, and acquires a tone of a 
somewhat tympanitic character (see p. 09), from the relaxa- 
tion of the pulmonary parenchyma ; in the third stage the 
exudation disappears, the air again gains entrance into the 
alveoli, and wo have the same physical conditions as at the end 
of the first stage — the presence of both air and fluid in the air- 
cells producing a dull percussion-sound, which gradually becomes 
clearer, and at the same time asaameB a tympanitic quality as the 
absorption of the infiltration goes on. This tympanitic character 
is lost whfu the process of absorption is ended and the lung has 
returned to its normal state. In those cases in which the infil- 
tration, instead of being absorbed, passes into cheesy degenera- 
tion, or a state of chronic induration, the capacity of the alveoli 
peniianently lessened, and the thoracic resonance is more or 
88 diminished. — It is not unusual to find all three stages re- 
resent^d simultaneously in the chest of one patient, one part of 
the lung being hepatized, another part having reached the stage 
of resolution, and a third portion of the same or another lobe just 
taking on inflammatory action ; it is in that way that we are able 
to explain the sudden transition from an absolutely dull to a 
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muffled or even a clear sound in the immediate vicinity of con- 
solidated portions of the hing. 

Pneumonia occurs most frequently in the lower lobes of the 
lung, especially on the right side, more seldom in the upper lobea 
or right middle lobe, or in both lower lobes at the same time. If 
only a part of a lobe be consolidated the form of the non-resonant 
region, mapped out on the surface of the chest, presents nothing 
characteristic ; in hepatization of an entire lobe, on the contrary, 
we are able to trace externally its exact outline. TrVhen the whole 
of the lower lobe is affected resonance is diminished posteriorly 
as far upwards as the middle of the shoulder-blades ; in con- 
densation of the whole of the upper lobe the dulness extends 
downwards to the fourth or fifth rib in front, to the fourth rib 
laterally, and is recognisable also in the supraspinous regions ; 
in hepatization of the right middle lobe dulness is most readily 
detected in the axillary line, between the fourth and fifth ribs. 
— As a pulmonary lobe, when completely consolidated, increases 
considerably in bulk the region which it renders dull to percus- 
sion is correspondingly enlarged. 



In certain cases pnetinionia does not pass regularly throngb its 
three stages, nor does it confine itself to the locality in which it first 
appears ; it iramlrrs from one lobe or part of the lung to another, 
and rcBolution follows at unce qd the onset of the indnmuiatioQ, 
without the occurrence of hepatization ; the disease may thus run a 
course laRting several weeks, attacking successively all the lobes 
of the lung, and sometimes occurring in the same parts more than 
once. 

In the pneumonia of children, which is seldom fibrinous, 
but usually catarrhal and following on capillary bronchitis, the 
thoracic resonance is never so strikingly diminiahed as in that of 
adults, because in the former the substance of the lung is not 
completely emptied of air, but contains islands of pormeable 
tissue in the midst of the consolidated parts. 

As in pneumonic hcpatizatioUj which is tho type of complete 
consolidation of the lung, so in evert/ other variety of pulmonai-y 
eondf}imtion,from whatever cause arisitifi, the percussion-sound 
is muffled or absoltdehf didl. To this category belong tho difier- 
ent forms of cheeny pneumonic eimdenrntion of the luni} and 
chronic interstitial jmeumonia usually designated by the collective 
term phthisis. The intensity of the dulness is determined by 
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jgree of infiltration and blocking-up of the air-cells and by 
the extent of lung concerned ; thus the thoracic resonance may 
be perfectly normiil during the first stagea of phthisis, and it 
certainly suffers but Rlight modification when patches of healthy 
lung tissue are still found between the condensed portions. — The 
apices of the lungs are the parts most subject to this caseoua 
pneumonic degeneration ; they may both be attacked, but seldom 
simultaneously, or with equal violence; at other times the disease 
is unilateral, occurring then most frequently on the right side. 
Dulness so produced is accordingly most commonly found in the 
Bupraclavicular regions and on the clavicles; if the infiltration have 
invaded the whole thickness of the lung, which is very frequently 
the case, the tone in the supraspinous regions also loses in re- 
sonance, and should it be more abundant posteriorly than ante- 
riorly the dulness will be less marked in front than behind, or 
may even be absolutely wanting over the clavicles. When the 
condensation spreads gradually to the lower part of the superior 
lobe the dulness to percussion extends similarly to the infracla- 
vicular region as far downwards as the third and fourth ribs, 
and also, though not to so marked a degree, to the upper part 
>f the shoulder-blades. 

Acute miliary tuberctilosig never diminishes the resonance of 
the chest, as it does not cause consolidation of the lung sab* 
stance. 

Effusion of serum into the pulmonary vesicles {cedema of the 
lungs) gives rise to but very slight muffling of the percassion- 
soaud, as the air-colls are not completely filled with fluid but 
still contain a certain quantity of air, the lungs being thus 
in a condition analogous to that presented at the end of the 
first stage of pneumonia. — Effusion of blood into the pulmonary 
vesicles (hcemorrhagic infarction) produces dulness to percussion 
only when the infiltration is so abundant as to totally exclude the 
air, and when the affected part is more than 4 cmtr, in dia- 
meter and situated near the surface of the lung. 

Hffimorrhagic infarction, as tlie reaalt of mitral lesion, occnrs most 
often in the middle and lower lobes of the right lang. Infarction ia 
also rarer in the centre than at the periphery of the long. 

2. Dulness due to compression- of the lung. 
This results generally from the presence of fluid in the pleural 
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sac. A small quantity does not obscure the sound, this taking 
place only when the effusion has a thickness of at least li cmtr. 
Experiments performed on the dead body, in adult males, showed 
that it is only after the injection of 400 ccm. of water into the 
pleura that the area of dulness rises two fingers' -breadths above 
the posterior lower margin of the lung ; when augmentation of 
the mass of exudation is attended also by increase of the diameter 
of the layer of fluid interposed between the lung and the chest- 
wall the percussion-sound becomes less and less clear, and when 
the layer measures more than 5 cmtr. in thickness the sound 
beoomes absolutely doll. So long as the collapse of the long 
from pressure is not complete we can, by percussing forcibly, 
demonstrate the presence of the residuum of air, the sound so 
elicited being distinctly more resonant. 

Shght exudations gravitate towards the lower and posterior 
parts of the pleural cavities, so that it is to these regkms that 
the alteration in the thoracic resonance is at first limited; as the 
effusion increases in volume it spreads to the sides, and then to 
the front, of tlie chi^st, when the non-resonant area is foond to 
extend from the vertebral column behind to the middle line in 
front. The level of the duid, as traced by percussion, is not 
perfeeilj horiaontal, but is often higher posteriorly than at the 
side or in fruut. Further, as the layer of duid is of Xaea thiek- 
■MB in its upper than in its lower pan the dulness is more 
dMMkd towards the basee of the IvBgs. And finally, when the 
diaphragm is foraed downvarda, w ii is, both l«teraUy and ante- 
tiotrly, vhoD the effinkHi is TW3r •bnttdsBt, the aon-neaaaitee to 
peicntrion is found to he co-^xteoaive vith the dispiaeement ; 
thus, in exodatkui into the left plena dttbMBS is tintoctod at the 
aaterior and lower paii of the fthonz, vhna uaaaaSlj the t jm- 
panikM aottad of the atoaaak is heaid, while in exndation into 
the Qi^ p fa qia the dtdness in the hepakMregiaa aaeoiwiderably 
When th« Ttacenl anil eaalal phmii have floateacted 
in the eoane «f a fa— sr ■Warl, «f plantsjr, the fioid 
Mi move frM^ in the pleval «antiei» hat is mae^Hod in 

theii h i wBM, fatmi^ the mh 

•ad a defnile «»^«giMTm 
M|]r Vjr caltes to ««(r aid the other lihiiih of 
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Wheu the exudation is undergoing absorption the lung begins 
to expand again gradually, and the dulness diminiahes — both in 
extent, as the level of the fluid sinks, and in intensity, as the 
thickness of the layer of eftusion, and with it the distance 
between the lung and chest-wall, decrease, — the air which enters 
the Inngs making its intluenco felt in clearing the percussion- 
sound. If, notwithstanding the complete absorption of the Quid 
or its discharge outwardly through perforation of the thoracic 
parietes or by operative puncture, the lung shows no tendency to 
return to its former dimensions, having becoms collapsed from 
persistent compression, the percussion -sound remains perma- 
ently dull. 

Certain recent experimental investigations by GarJand and by Ferber, 
consiatiag essentially of the injection of alowly-coagulatia'^ flaids into 
the pleural cavities of dogs, give resoltB mure or less coniirmatory of 
the foregoing statementB. A slight effusion first of all beparates the 
peripheral part of the (iiapbragm from the thoracic wall, making room 
for itself in the complementary pleural sinus which, in ordinary super- 
ficial respiration, is not occupied by the lung ; dulness begins to be 
appreciable only when the level of the fluid rises above the margin of 
the lung. The upper surface of the fluid has a constant tendency to 
nm into the hcrizontal poi<ition, and alters therefore with each change 
in the posture of the body ; its upper boundary is never perfectly hori- 
zontal, however, but presents many corves, whOe the mass of the fluid 
is continually rising and falling, — a fluctuating motion which depends to 
a certain extent ou movements proper to the fluid itself, but principally 
on the movements of the respiratory organs and of the heart. It is 
possibly owing to these undulatory movements that when nt a later 
stage peripherui adhesiou occurs at the upper margin of the exudation 
it docs not take place in a horizontal, but in a somewhat irregular or 
wavy, Ui>e. The position and outline of the maes of fluid, however, 
depend chiedy on the habitual posture of the body ; thus it usually 
reaches to a considerably higher point behind than it does in front when 
the patient has been long confined to bed lying on his hack, and it 
remains at this level on the formation of inflammatory adbeaions, while 
its upper boundary is generally nearly horizontal when the piitieut in 
able to be up and to move about during the time that the exudation of 
Ijmapb is going on. -^Further, the distribution of the fluid, and the 
inaeqnent conformation of the non-resonant area, are influenced to an 
portant degree by the occurrence of partial adhesions between the 
eral and costal pleurae at an early stage in the disease, and also to 
tome extent by the retractiblhty of the lung, this not being equal 
at all points even in health. In these considerations may be found 
the explanation of the fact that while most commonly the upper margin 
dnhiess is higher behind than in front m some cases it does not 
much &om the horizontal hne. 
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WTifvt lias just been stated witli reganl to pleuritic exudation 
is applicable also, with certain modifications, to the transudation 
of fluid into tbe pleural ctivity, llydrothorax ; but whilst the 
former, with very rare exceptions, is unilateral, the hitter is 
invariably double, not oripuating Bimply in inflammation of the 
pleune but in disease of the heart or kidueys. Cardiac diseases, 
mitral disorder for example, ^xy^ rise to this traDsudation hj 
producing an overloaded condition of the pleural veins, and renal 
disease by causing hydni^mia. K the quantity of fluid transuded 
be not excosaiTO the intensity of the percussion-sound may be 
considerably modilied by changing the position of the body, as 
the liquid always sinks to the lowest part of the thorax. Thus 
iu patients sutieriug from Hydrothorax the fluid stands at the 
same level in front and behind so long as they maintain the 
upright position ; but when they lie on the back the fluid gravi- 
tates to the posterior parts of the chest, and the percussion-sound 
becomes clearer in front, (This change in the thoracic reso- 
nance from alteration of the position of the body is also fre- 
quently observed, but to a less marked extent, in eases of ordinary 
pleuritic effusion.) In general the transuded fluid, which is not 
usually very abundant, occupies only the posterior and lower part 
of the pleura and is scarcely observable in front ; the dnlnesa 
caused liy it therefore does not equal in extent or intensity that 
of pleuritic exudation, 

SiAut bodies Bitnatcd between the lung and the ebeat-wall have the 
same muflliag effect on the porcuesion note. Amongst those must be 
reckoned tumours of tlio mediaBtiimm. The sound is similarly rendered 
dull when the lung is subjected to pressure by the development within 
itself of certain morbid growths (carcinoma, enrcoma), by tumours of the 
bronchinl f^lands, bj marked hypertrophy of the heart, and by large ta- 
moura of tliet h ver or spleen which push the diaphragm upwards. In these 
caBes and in others of a like nature the non- resonant region, even when the 
dulness is of great intensity and diiitributed over a considerable surface, 
has not the outline which is so characteristic of pleural exudation, but 
is nsnallj somewhat irregular in cont'ormation ; obviously also the dul- 
ness is to be attributed to the solid body which gives rise to the pressure 
rather than to the impermeability of tbe portion of lung so acted upon. 

Diseases of the hronchi, unaccompanied by structural change 
in the substance of the lung, mner dimitiish ike ihoraeir rem' 
nanee ; the calibre of the bronchi may be very much reduced by 
swelling of their mucous membrane, by very abundant catarrhal 
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stion, or, as in croupous hroncliitia, l>y firm fibrinous exuda- 
tion, yet there is always sufficient room left to permit of the 
access of air to the alveoli ; it is only when hronchittl diseases 
invade the parenchjina of the lungs, exciting secondary infiltra- 
tion and consolidation (broncho-pneumonia, bronchiectasis), that 
muffling of the percnssion-aound is observed. 

Increase in the Intensity of the PERCUssioK-sotmo. 



Conditions the opposite of those which obscure the percnssion- 
Boand (fiee p. 78 ft srq.) increase its intensity ; it is clearer there- 
fore when the thoracic parietea are thin (in patients, for example, 

hoae muscles and subcutaneous fat are slightly developed), 
'as the force of the percussion stroke is more readily and with 
less loss of intensity conducted through them to the lungs, in 
which organs, accordingly, more vigorous vibration is set up. In 
old people therefore, and in those who are much emaciated, the 
percussion note is loud and clear. If the loss of tissue be 
confined to one side (progresstTe muscular atrophy) the chest, 
as in a ease which I had an opportunity of examining, in which 
the right pcctoralis major had almost entirely disappeared, may 
be so resonant at that part that the normal sound given at the 
corresponding point on the healthy side seems almost dull in 
comparison. Full inspiration intensifies the percussion note, 
as the volume of lung thrown into vibration is larger ; in quiet 
respiration such difi'erencea in the intensity of the soimd are not 
appre<;iable. In pulmonary emphysema the chest is sometimes 
abnormally resonant (the tone being also usually somewhat 
higher in pitch), especially in severe cases. Biermer designates 
IhiH the Bandbox sound [SchachtelschallJ. There are no other 
conditions to be noticed in which the thoracic resonance is 
simply increased in intensity. No special diagnostic value, there- 
fore, attaches to this sign. 



V 



Pitch of the Percusbion-sound, 



The pitch of the percussion-sound depends on the degree of 
tension of the chest-wall on the one band, and on that of the 
tissues of the lung on the other. The tension of both parts is 
increased in inspiration and diminished in expiration, so that in 
(all inspiration the tone becomes slightly higher and in forced 
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expiration slightly lower ; find this same rise and fall in pitch 
is observed both in healthy and in diseased lungs. As has been 
already stated, the most important of the circumstances which 
determine the pitch of the percussion- note is the tension of the 
chest-wall, the least important that of the lung sabstanoe ; that 
the latter indeed exercises but little influence in this respect is 
evident from the mere fact that the inspiratory rise in pitch above 
referred to takes place also in certain pathological conditions in 
which changes in the tension of the pulmonary parenchyma are 
scarcely possible, such as diseases involving destruction of tissue. 
— The simple increase of volume that the lungs undergo in inspi* 
ration, apart from the forementionod greater tension, takes no 
part in causing the simultaneous rise in the pitch of the percua- 
Bion-note ; it might rather, on the contrary, be expected that the 
soimd should become lower during inspiration, as the volume of 
air in vibration is greater than during expiration. This lowering 
of the tone, however, does not occur, as any tendency in that 
direction is more than compensated for by the other factors, — by 
the increased tension. — When the breathing is quiet the pitch 
remains practically the same during both phases of respiration. 

In the normal thorax differences in the pitch of the percussion- 
sound at different parts may be recognised by a cultivated 
musical ear ; thus, on the right it is usually found to be deeper 
than on the left, though occasionally the reverse condition is 
met with. Even on the same side of the chest the sound is not 
of the same pitch at all points : in the neighbourhood of the 
liver it is somewhat higher than at other parts, — at least in the 
sitting and standing positions. A alight elevation in the pitch 
of the tone is noticeable on the front of the thorax on raising 
the body from the recumbent to the sitting posture, due, evidently, 
to the increased tension of the thoracic parietes ; this phe- 
nomenon is observed also in the dead body, a fact which ex- 
cludes Rosenbach's theory, that it is caused by change in the 
respiration. — The variations in the pitch of the percussion-sound 
in the thorax are occasionally so trifling as to be appreciable 
only when carefully watched for ; in other cases they ore so 
marked that inexperienced examiners not unfrequently mistake 
them for differences in intensity, regarding the grave sound as 
dull in comparison with the acuter or clearer sound j'ielded at 
other points. These variations possess no diagnostic significanoet 
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they depend only on pkyaiohgical differences in the tension of 
Ethe chest -wall. 

The percussion-uote becomes uhtu>r»uilly ih:ep in those patho- 
logical conditions which are accompanied by diminut'um in the 
Jiition oj the lung tUsui' at any part : these are pleuritic exuda- 
tion and pneumonia (Traube), of moderate intensity. 

1. In imxierate pleuritic (•xiufdiions, occupying, for instance, 
not more than the half of the pleural cavity in front, laterally, 
and behind, the percussion -sound in the infraicltiviculiir region* 
becomes deeper in pitch than at the corresponding point on the 
opposite side ; this is caused by the gradual retnictioH of those 
parts of the lung still permeable to air and situated above the 
level of the tluid, by their slow return to their natural volume in 
the nndistended state, — that is, by the loss of tonsion in those 
parts. 

A retracted lung contains less air than one in its normal state, bat 
the gravity of the percussioD-note is not due to this, ns diminution in 
the volume of air present ia the lung uauafly raises the pitch of the 
sound, as is seen In almost every case in which the latter is muffled or 
dull. 

2. In pneHmonia also t!ie pitch of the sound is lowered over 
those parts of the \\va^ wliich remain acrcdfiible to air, and are 
situated near the hepatised portion. If, for example, the lung 
in its posterior aspect is completely consolidated while air is still 
freely admitted to the parts in front, the infraclavicular region 
gives an abnormally deep noto on percussion. Here again, as in 
cases of pleuritic exudation, the same cause is in operation, 
deepening the sound, — decrease of tension in the non -infiltrated 
portions of the lung. 

This lowering of tlie pitch of the percussion-sonnd is not 
invariably present in cases such as those described, as the re- 
traction of the permeable parts of the lung does not always reach 
the precise degree which ia favourable to the production of the 
phenomenon. Its duration must obviously be short in pneu- 
monia, and it disappears rapidly in pleurisy also when the exuda- 
tion undergoes any very great increase ; I have observed it lasting 
only a few days, or even a stiU shorter time, in some cases in 

• When the anterior part of the upper lobe of the lung ig; entirely emptied of air, 
and the potierior part idightly reduced in volume (u in cases of encysted exudation, 
gUodalar tumoar«, kc, situated in fronl) the pennunon-aouod in the Bupra-spincnu 
Rgion ia abnormally low in pitch. 
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wliich the exudation was Btationarj', Ami furtlipr, at the com- 
mencemeat of the stage of absorption of verj- large eflfusious, 
when tho compresBed lung begins again to expand, the sound in 
the infraclaN^cular region may become abnormally deep. 

The percussion-sound in the above-mentioned circumstanoes, 
in pleuritic exudation and in pneumonia, may be aimply lowered 
in pitch, or it may also be attended by a tone of somewhat 
tympanitic character, or may even eventually become perfectly 
tympanitic ; in another class of cases of the same diseases the 
note is tympanitic from the very outset, without having been 
previously lowered in pitch (see p. 97 ct seq.). 

Elevation of the pitch from patlwlogiral causes never occurs 
alone, unaccompanied by decrease in the intensity : the 
60und generally rises in pitch as it loses in clearness. An 
abnormally high-pitched percussion-sound is thu» of no special 
diagnostic importance, as it never exists alone as a pathological 
phenomenon. 



The Tympanitic Percdssiok-boukd. 

This Boand owes its name to its resemblance to the sound 
of a drum, though the timbre in the two cases is not exactly 
identical. In its physical characters it closely approaches the 
musical tone,* inasmuch as it ia a sound the pitch of which can 
be easily and accurately determined. The percussion-sounds of 
the larynx (with the mouth open or closed), of the distended 
cheeks, and of the stomach and bowel, illustrate well the dif- 
ferences in the pitch of the tympanitic note. 

Tympanicity is not an unusual symptom in many of the dis- 
eases of the organs of respiration, but is never found on 
percussing the normal chest. In tracing the manner in which 
it is produced we must go back to its physical cause, which is 
most simply demonstrated by percussing the larynx or intestine, 

* Gerhud haa tried to prore, bj means of Kfiaig'a fensitiye gas-flame, that the 
tjmpanitic tone in composed of a nuccefloion of similar and regular iwnoroiui wnvea, the 
non-tymptuiitic Miind, oa the other hand, of dinainiilar waves. If a tympaiutic aonnd 
or a tone of tow pitch be received in the funnel of the apparatiu and directed on the 
flame, a aeriea of equal indentationo, witti noQ-tympaaitic Boundi a series of oneqaal 
indeotations, appearv in tho curved band« of light oa the rotating reflecting prism. 
H. Jacobson, on the contrary, whose expcrimeatsi I bare had the pleasure of witneeang, 
denies thut the tj-mpanitic aoand ia diatiaguished from the non-tjmpaiutic by anj 
marked difference in the flsime-tracing. 
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by striking on tlie upper part of a drinking-glaas, and ao 
throTunuj? into vibration Iht- column of air coulained in it. 

If we percuss with the hammer on a pleximeter held over the 
mouth of an empty or only partially filled vessel (a glass or jug), 
a tone is heard which is louder the nearer the margin, and the 
more forcibly, the stroke is delivered. This sound is cxquinkeli/ 
tifmpauiticy and retains the same pitch whether we percuss 
forcibly or gently, with a narrow or a broad pleximetor. On 
performing this experiment with different glasses the tone will be 
found to vary in pitch with the breadth and depth of each vessel, 
being high in direct proportion to the shallowness of the glass 
and the width of ita moitth. The tympanitic character in given 
to the tone by the vibration of the column of air within the glass 
and the regular reflection of the sonorous waves from its smooth 
inner surface. 

The conditions presented by the larynx, stomach, and bowel, 
are exactly similar to those detailed above ; we have here to deal 
with a body of air set in vibration by the percussion-Btroko, and 
enclosed in a cavity whose walls reflect the waves of sound with 
perfect uniformity. That the tjmpauicity of the intestinal per- 
cussion-note is due simply to the vibration of the air contained 
in the bowel may be proved negatively- If the whole bowel, or 
a portion of it, be removed from the abdomen and fully inflated, 
a ligature being placed on each end, the sound it gives to per- 
cussion is no longer tympanitic ; the tense intestine becomes 
capable of entering into simultaneoua vibration with the air it 
surrounds when the shock of the blow is communicated to it ; 
but the vibrations of a membrane (that is, of a itoUd body), 
being different in kind and extent from those of the intestinal 
gases, the different Bonorous waves interfere with each other, 
become broken and irregular, and constitute merely a sound, — 
not a tone in the physical sense. But as soon as a portion of 
the air is allowed to escape, the relaxed state of the bowel de- 
prives it of the power of vibrating, and the sound again takes on 
the tympanitic character. 

The alteration in the intestinal percussion- sound thug brought 
about by artificial means finds its parallel in the change 
which accompanies pathological distension of the howel 
within the abdomen by gas , in cases of meteorism of the 
intestines tympauicity disappears, the percussion- sound over 
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the abdomen becomes louder and deeper in pitch, but not 
tympanitic. 

The physical cause of the normal tjinpanicity of the intes- 
tines at OQCo explains also the nou-tympauicity of the normal 
tboracic sonnd. The lung in the thorax being always daring 
life slightly over-distended, not only the pulmonary air but the 
pulmonary tissue also vibrates in response to the percussion- 
Btroke ; the Bonorous undulations ori^nating in the tissuoB of 
the lung mingle with and disturb those of the air, just as the 
vibttitious of the teu»e intestinal wall obscure those of the intes- 
tinal gases, 80 that uo tone is given out, but only a sound of a 
non-muflical chnractfr. This explanation is supported by the 
fact that the lung, when n'hij-al and reduced to its normal size 
by removal from the body, yields a note of tympanitic quality, 
only the air within it, and wA the luiKj-iissuc^ being thrown into 
vibration ; and if the lung be now inflated the tympanitic tone 
disappears and is replaced by the ordinary percussion-sound of 
the lung while it is still within the thoracic cavity. 

This flimple phenomenon — that the lung when raised from the 
thorax and shrunk to its normal volame gtvos a tympanitic eoand, the 
distended lung a non -tympanitic aound, to percussion — has been the 
subject of numoronB controversies. Does the tympanicity of the 
sound depend on the vibration of the pulmonary air ? or of the pulmo- 
nary substance ? or of both combined ? These are questions to which 
very diflferent answers have been given by Wintrich, Mazonn, Korner, 
Hoppe, Geigel. Schweigger, Ac, 

Wintrich holds that the tympanitic sound given by the shrunken lung 
in the dead body originates in the pulmonary parenchyma, and not m i 
the air contained in the alveoli or bronchi ; the pulmonary vesicles 
too small, the Bmallcet body of air which can give rise to a tympanitis 
tone having, according to this author, a height of at least six lines, and 
the pulmonary sound also ts somewhat higher in pitch, even than that 
obtainable from a column of air six lines high ; neither can the air in 
the bronchi he considered as tha emise of the tympanitic sonnd, as 
narrowing or dilatation of the principal bronchus, or even closure of 
the same by ligature, makes no change on the pitch of the note, — an 
effect, however, which is invariably produced by shnilarly altering the 
conditions of a column of air contained in an open cavity (^see p. 91) 
RoBenbach, on the other hand, stales that such a change dopH follow 
closure of the principal bronchus ; that in these circumstances the 
sound becomes to a corresponding extent deeper. 

The tympanicity of the percnsaion-somid of the collapsed lung 
the dead body can be satisfactorily accounted for, not by regarding the 
pulmonary ccMb as columns of air surrounded by membranous wails, 
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and each one capable indepeudently of entering into vibratioD, — their 
small size forbidding such an assumption, — but rather by connidering 
them as cnnthiuouf, forming on^ lanje rt'mtumt cariti^ subdivided by 
very thin membranous septa whiclt are everywhere uf homogeneous 
structure. These septa, like the relaxed icalh vf the intexline or 
stomach, can indeed reflect mnaul, hut are theiihselren unable to enter 
into vibration, as they lack the yrmcipal eoruUtion necesnartf tit the per- 
Jonimnce of this /unction, — a mifficient deyree. of tewwn: it is thOB 
physically impossible to cause them to vibrate. So soon, however, as, 
by the inflation of the lung, this condition is realised, the tympanitic 
quality of the percussion-sound is lost, because now not merely the 
pulmonary air, but also the tense pulmouary tissue, responds to the 
percussion-stroke, and the substance of the lung, being a solid hody, 
naturally gives vibrations quite diflerent in nature from those of the 
air in the alveoli. The result is that these dissimilai- sonorous waves 
to a certain extent neutralize each other and reader the production of 
a tympanitic or mastcal tone impoBBible."' 

The pcrcusBioii-BOund of the thorax is tympanitic in the fol- 
lowing pathological conditious ; 

1. In ca&eB of excavatioii of the liin^ substance ; 

2. In cases of accumidatio7i of air ((fas) in the pleural 
cavity ; 

I 8. When the tension of the bang tissue is diminished. 



1. Tympanitic Pebcussion-bocmd in Pulmonary Cavities. 

Pulmonary excavations, being invariably in direct communi- 
cation with the bronclii, always contain air, and thus form 
resonant or reverberating chambers BimiJar to the glass used in 
the experiment already described. To the production of the 
true tympanitic sound, however, certain conditions are neces- 
gary : 

a. This air-space must bo surrounded by firm walls, capable 
of reflecting waves of sound. The condensed tissue in which 
TomiciB are usually enclosed constitutes a solid wall of this 
character ; in the absence of this induration, which is compara- 
tively rare, no tympanitic sound is heard. 

b. The cavity must be of a certain size, — as large as a 
pigeon's egg at least, — and be situated quite close to the surface 
of the lung ; over deep-seated cavities, even when they are of 
much greater dimensions than above indicated, the percussion- 

* Although tympanicity is more nearly rel&ted to the physical idea of a tone than to 
that of a tound, the latter term (oa in the expression tympanitic sound) being the one 
beat known and longest in ose, ia retained in the following pagBs, 
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sound has no tympanitic qaality. Large Tomicffi render a tone 
which ia the more clearly tympanitic the more superficial they 
are and the thinner the thoracic parietes ; cavities, therefore, in 
the upper lohes of the lunga, in which region the chest-wall — 
which Buffera also in the general emaciation connected with the 
original disease — is naturally thinnest, give a more decidedly 
tympanitic percussion-note than those occurring in the lower 
lohcB, chiefly on account of the greater thicknesa of the layer of 
muscles covering the latter on the lower part of the dorsal 
aspect of the chest. 

The tympanitic character of cavernous resonance is never so 
intense as that of the intestinal percussion-sound, as it originates 
in the \ibration of a much smaller body of air. It may be either 
muffled or clear, — muffled when the quantity of fluid in the 
cavity is greater than the volume of air, clear when these condi- 
tions are reversed. 

There is one vei-y important sign which is, with very few excep- 
tions (see pp. 96 and 99), associated only with the tympanicity 
dependent on pulmoimri/ cavern, — provided always that the 
cavity communicates freely with one of the larger bronchi ; that 
is that the piich of the percussiou-sound is higJu-r when the 
mouth is open, loieer when the mouth 15 shut, and lower still 
when the nostrils also are closed (Wintrich). The cause of this 
modification of the note lies obviously in tho variation in the size 
of the externa! orifice of the cavity, as it has been already shown 
(p. 91) that the pitch of the sound given by an air-space which 
is not completely closed depends not merely on the length of the 
column of air in vibration, but also on tho width of the opening 
by which it joins tho outer air ; thus, the tone rises in pitch 
when the outer orifice is enlarged, and fulls when it is contracted, 
tho leugth of the column of air remaining the same. A similar 
change can also be demonstrated by percussing on the side of 
the larynx or on the cheek, the souud becoming lower when 
the mouth is shut and higher when it is open. It has been 
observed further that the t^Tupanitic cavernous sound ia raised 
in pitch by full inspiration (Friedreich) ; this is not wholly 
attributable to dilatation of tho glottis, as the inspiratory rise 
in pitch takes place even when the bronchus into which the 
cavity opens is blocked up by mucus, — a condition which is 
recognised by the disappearance of the sign described by Wint- 
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rich, the modification of the pereassion -sound by opening and 
closing the month ; it proceeds rather from the increase in the 
tension of the chest-wall, which takes place when the lung ex- 
pands (see p. 87). In expiration, on the other hand, the 
tjnjpanitic sound becomes deeper ; or it may almost entirely 
disappear, giving place to a mnffled or less clear sound, especially 
during an attack of coughing. In the latter case the air in the 
cavities is compressed and for the most part driven into the 
bronchi by the great augmentation of the intrathoracic pressure, 
80 that the only vibrations which are appreciable are those of the 
condensed lung tissue. 

When the excavations are of very large size, so disposed that 
theur long diameter corresponds with that of the lung and of the 
body as a whole, containing both air and fluid, it is sometimes 
observed that the intetisity of the tympanitic sound is modified 
by changing the position of the patient; when he is standing 
or sitting the sound is of a dull tympanitic quality inferiorly, 
of clear tympanitic quality superiorly, — the fluid gravitating 
naturally to the lower part of the cavity, the air rising to the 
upper part ; in the recumbent posture the tympanitic note 
becomes everywhere dear, owing to the uniform distribution of 
the fluid over the entire posterior surface of the cavity. Not 
only the intensity but also the pitch of the percussion -sound of 
large excavations is altered when the position of the body ia 
changed ; when the cavity is of such a form and so situated that 
its long diameter is directed from above downwards the tone 
becomes higher when the patient assumes the sitting posture, as 
in this way the vibrating column of air is considerably shortened ; 
when the cavity is deepest autero-posteriorly the pitch of the 
percussion-note ia lowered in the upright position (Gerhardt). 
The last-mi'ntioned sign, when uumistakeably present, is abso- 
lutely pathognomonic of the existence of cavity, because under 
physiological conditions a deepening of the pitch of the percus- 
sion-sound is never produced by raising the body from the 
recumbent to the erect posture ; the occurrence of tlie former 
phenomenon, however, the elevation of pitch in the sitting pos- 
ure is less conclusive, as it may also be determined by the 
increased tension of the thoracic parietes (see p. 87) . 

Gerhardt also believes that the dimensions of pulmonary vomica) 
may be definitely ascertained by means of Hclmhollz'a remnators. IS 
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a snitable resonator beheld before the patient's mouth, which shoold 
be open, the tympanitic cavernous percuHsion-note is greatly increased 
in intensity ; and as the size of the cavern and that of the resonator 
which produces this eficct sUnd in direct proportion to each other the 
diameter of the one may be taken to represent that of the othefi 
The researches of Eichhorflt and H. Jacobson do not confirm these 
statements ; it was found on post-mortem examination that the actual 
size of the cavities differed very considerably &om the estimate 
formed by means of the resonators, being sometimes three, dve, or 
more times larger or smaller than had been expected. It was further 
shown that the same resonators which, when held before the open 
month, intensified the tympanitic cavernous eonnd, rendered more 
clear also the percussion-sound on the healthy side of the chest. This 
method of examination, therefore, cannot be depended on to give 
trnstworthy re suits. 

2. The Tympanitic PEBCUSSiON-eouND in Pneumothorax. 

In pncnmothorax the air with which the pleural cavity is filled 
is caused to vibrate by the percussion -stroke, while the waves of 
Bound are regularly reflected by the chest- walls ; the same con- 
ditions are thus provided for the production of the tjTnpanitic 
sound as in percussing the larynx or the glass used in the experi- 
ment formerly described, (p. 91). The area rendered tympanitic 
varies in extent, being large or small according to the greater or 
leas amount of compression of the lung which has taken place. 
Opening or shutting the mouth has no effect on the pitch of 
the sound, the cavity occupied by the air being a closed one; 
enlargement or diminution of the vibrating column of air there- 
fore, in the sense in which these changes occur in pulmonary 
cavities which are in free communication with bronchi, is out of 
the question. It is only in very rare cases, in which the fistula 
through which the air has entered the pleural sac continues 
patent and is of sufficient size, that it is possible to drive a 
certain quantity of air from the cavity of the pleura witli each 
percussion-stroke : in these cases the pitch of the sound may he 
varied by opening or closing the mouth. 

Tyrapanicity in pneumothorax persists only so long as the 
tension of the imprisoned air continues moderate in degree. It 
the bronchial fistula or the rupture in the wall of the pulmonary 
cavern (the latter being the most common cause of pneumothorax) 
be Dot immediately closed by the products of adhesive inflam- 
mation, air rushes into the pleura at each inspiration, till the 
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lung is reduced to a state of complete collapse "' ; the tension of 
the air in the affected side of the chest thus becomes so gi-eat 
that the tympanitic ([uality is lost from the percussion -sound 
and is replaced bj- the metallic or amphoric soand to be sub- 
sequently discn&sed. 

The irritation consequent on the admission of air into the 
pleura usually provokes an attack of inflammation in that struc- 
ture, followed by more or less copious effusion ; the fluid, as in 
rUaost cases, may not rise above the lower and posterior part of 
the cavity, or it may encroach on it to a still greater extent, con- 
stituting the condition known as pyo-pneumo thorax ; it may 
even completely fill one side of the chest (pyothorax) and in that 
way brinjT about the cure of the pneumothorax. In the latter 
case the percussion-sound on the affected side is absolutely dull, 
in the former cases it continues tympanitic above the level of the 
exudation. In pyo-pncumothorax also change in posture devdopi's 
a change in the character of the sounds as in each position in 
which the body may be placed the fluid invariably seeks the lower 
level, the air the higher. Thus the dull sound of the anterior 
and lower part of the chest in the standing or Bitting position 
becomes at once tympanitic as the patient assumes the recumbent 

'Sture, that of the one side of the chest being similarly modified 

hen decubitus is on the opposite side, that of the lower and 
osterior parts of the thorax when the patient lies prone on the 
abdomen. Should the pleurse at any point have formed adhesions 
before the occurrence of the pyo- pneumothorax the air is excluded 
from c<!rtain parts of the cavity, and encysted pyo-pneumothorax 
is the result ; in such cases change of attitude ia attended by no 

odification of the physical signs. 



3. Tymp-vnitig Percussion-sotind due to Diminished Tension 
OF THE Lung Substance. 



Those conditions which favour the retraction of a greater or 
less portion of lung, (that is, its return to its dimensions in the 
relaxed state in which it is found when respiration has ceased, 
the pulmonary tissue being always more or less on the stretch 
uring life), give rise ver)* frequently to a tympanitic percussion- 

The ftir forced into Che pleural b&c during inapiration doea not, or does to but a 
' dight amount, escape during expiration, aa the pulmooary fiatuia is doeed ralre- 
, by the increuing presaura of tlie air in the cavity. 
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sonsd, — jnst as it occurs in the lung when removed from the 
thorax and so allowed to resmne its natural Tolome. 

Amonc^ these conditions are : a. Plenrisr, 6. Pneumonia, 
r. CEdema of the Inngs, d. Caseons pnenmonic degeneration in 
the npper lobes. 

a. In ejr7i<iiitiTe plfurifv the Inng shrinks to a degree pro- 
portionate to the amount of the exudation, and it consequently 
loses to the same extent in tension : when this retraction reaches 
a certain point, which is not the same in eTerr ease, the per* 
cussion- sound takes on the tympanitic qualitr. Even at the 
beginning of the exudative process, when the larer of effusion is 
not yet of sufficient thickness to give rise to percussion-dulness, 
the sound ai the posterior and lower part of the thorax is often 
found to Ix' of a dull tympanitic character; this speedily dis- 
appears with the augmentation of the exudation, and the parts 
become completely non-resonant. 

In pliurisy with moderate effusion, the tympanitic sound is 
observed iif'tTc the It-Tel of the fluid, in the anterior and lateral 
pans of tht> thor&x. The tympanitic quality is more or less 
distiiicUv appreciable according to the degree to which the free 
{K>rtious of thf lungs are reduced in volume : it is lost as the 
exudaiinu iiii-n-ases. and reappe^irs at the beginning of the stage 
of al'M-rpuvu wbtu the lungs commence to expand again. 

t>u: iio; in tvin* case of pleuritic effusion is the sound 
t>Tupaiiiiii- abovi- thf region occupied by fluid : it is often merely 
o^t}*tht:i in j'iXvh. and sometimes even shows no dej»arture frt>m 
the normal siAnd.inl ^st-e p. St* tt ttq.-. The causes of these 
difleri'iioi's iu .spparently idtu:io,*l physical couiiitJons, so far as 
thi' I'X'jibitii'ij alone is co!i«.vmed. should probably be sought in 
the uuniual tension of the lung-:issue in difftient individuals. 
A s.Tiat< r Jt gTi-e oi tension is necessary for the development of 
a tymi'siiitio >i<und than for tho provluction of one which is 
abEyriiinlly low iu pitch but non-iympanitic. In some cases, in 
which thi- piTcussiou-uote sWvt the effusion undei^oes no 
chan^Tt . a divr^ase in the elasticity of the lungs may K> shown to 
exist, rtiiaeriiig any grcHi degnv of remaction impossible, — in 
chr<.>nic brv'uchial cntarrh. for instance, esjvcially when associated 
with vesicular emphysema : at other times there are other causes, 
such as a more rigid condition oi the thoracic pftrietes. to account 
for this phenomenon. 
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It woe Skoda who first drew piirtioolar attention to the occurrence 

'of tjmpanicity in eases of pleuritic exudation, and satisfactorily made 

oat the nature of the physical conditions on which it depends, though 

l-iheae seem to have been not quite unknown even to Auenbrugger. 

fThis sound is sometimes named the " bruit scodiqne " by French phy- 



h. A tympanitic percmsion-gnund is sometimes also heard in 
\rj>nrunwnia, especially in the first stage and in that of resotution, 
though it is not unusual to find that in the stage of hepatization 
the permeable parts of the lung in the immediate neighbourhood 
of those which are completely consolidated give a sound of this 
character ; it is further more common in the upper than in tho 
, lower lobes. Its cause may be of a twofold nature. Thus, when 
the superior lobe is hcpatized a tone of tympanitic ^luality, arising 
from the vibration of the column of air contained within the 
principal bronchus of that lobe, may be elicited by forcible per- 
cussion ; in these circumstances also the sound, like that of 
pulmonary cavern and of the larynx, is observed to vary in pitch 
on opening and closing the moutli. In hepatization of the lower 
lobes, on the other hand, where there are no large bronchi, the 
cause of the tympanicity is evidently loss of tension in the lung 
substance ; tho lung shrinks somewhat in the vicinity of hepatized 
parts, these latter being rendered abnormally large by the infil- 
tration of the alveoli. In the first and third stages of pneumonia 
the relaxation of the pulmonary tissue is due to infiltration of the 
air-cells, caused by engorgement of the capillaries (first stagcj or 
by the presence of fluid and air in their interior (third stage). 
|The tympanicity of the first stage merges gradually or rapidly 
into absolute dulness as the process of hepHtization begins ; in 
tho third stage it slowly passes oflf, ginng place to the normal 
sound when the exudation has been removed from the alveoli by 
I nbsorption, 

c. The occurrence of the tympanitic percussion-sound in oedema 

icf the lunijs, in which the pulmonary vesicles are filled with 

rtruiBuded fluid and air, may be explained in the same way : the 

long-substance loses in tension, the quantity of air contained in 

the alveoli being smaller. 

This variety of tympanicity may be reproduced after death by 
forcing fluid through the trachea into the vesicles and at the 
same time inflating the lungs; (inflation is an absolutely 

h2 
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necessary part of the proceeding, as the non-distended lui 
gives naturally a tympanitic sound). 

(L The pereusBion-sound is frequently obserred to be t^ 
panltic in the supra- and iufra-clavieular regions when thi' 
summits of the lungs become the seat of caseous pneumonic 
infiltration ; in such cases it is always somewhat muffled and 
does not change its pitch when the mouth is opened or shut, — 
features by which it may be distinguished from the tympanitic 
sound of pulmonary cavity in the apices. It is produced only 
when the infiltrated tissue has not yet been completely deprived 
of air, or when small scattered patches of permeable tissue are 
atill found between t!ie portions which have become consolidated. 
Here also the tympanicity depends on the relaxation of the lung- 
substance and diminution of its air-contents. Infiltration of the 
apices specially favours the development of the tympanitic tone, 
as the chest- wall over these parts is thin and becomes still 
thinner as emaciation goes on. 



There is a special form of tympanicity which is observed in 
certain cases of condensation of the lung, most markedly in the 
first and second intercostal spaces and usually on the left side ; 
this is 



The Tracheal Resonance of Williams. 

In percussing the trachea a tympanitic sound is obtained, 
which, like that given by pulmonary cavities, rises in pitch on 
opening the mouth and falls on shutting it, and which becomes 
atill lower when the nostrils also are closed. This sound is lost 
at a point on the surface corresponding to the bifurcation of the 
trachea, being overpowered by that from the tissue which covers 
the principal bronchus. When, however, the upper lobe is com- 
pletely consolidated this predominance of the ordinary pulmonary 
percussion-sound ceases, and the tympanitic sound from the 
column of air in the bronchus is appreciable on striking the front 
of the chest somewhat forcibly. The tone, like that furnished by 
excavations in direct communication with the trachea, becomes 
higher in pitch and louder ou opening the mouth, and consider- 
ably deeper on closing it. 
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This traclieal resonance, therefore, is most uauftlly observeil 
when the upper lobe of the loft lung is completely solidified by 
pneumonic wJHtration, and occasionally also when this takes 
place from other causes, — when, for example, the lung remains 
in a state of collapse after the absorption of pleuritic exudation, 
and in those rare instances of encysted pleuritic exudation situ- 
ated at the upper and anterior part of the left side of the chest ; 
it is met with also in some cases of pleuriny in which the effu- 
sion is not confined by adhesions, when the quantity of fluid is 
not so great as to separate the lung too mucli from the front of 
the chest. The ribs, being somewhat flexible toward their sternal 
ends, yield to the force of the percussion-stroke, and in that way 
favour the production of the sound, whilst at the corresponding 
part of the posterior surface of the thorax this sign may he 
entirely wanting, owing to the greater thickness of the layer 
of muscles and to the rigidity of the chest-wall in that region. 
That this treacheal resonance is found almost exclusively on the 
left side is probably due to the greater length of the principal 
bronchus on that side. 

Skoda regards the tracheal resoaance of Williams as identical with 
the tympanitic Honnd of the retracted lung in plearisj ; this view, 
however, is opposed by the facts that it is audible in complete hepa- 
tization of the npper lobe, where no retraction exists, and that the 
pitch of the sound is subject to the usual variatious on opening and 
closing the month, which is not the case with the true " broit 
Bcodiqae." 



To these three qualities of the percussion-sound Skoda added a 
fourth, fnlnrsn and scantineas of the sound. These terms are still fre- 
quently used by scientific writers and are generally coufiidered as 
Bynonymous with loudness and dulucsa, though Skoda gave to them 
quite another significatioD. He intended them to bear reference to the 
gize of the vibrating body, as is indicated by his citing, as au illustration 
of his meaning, the ditlerencc in the soimds given by bells of ditTereut 
gizes : he says, "the faintest sound from a large bell, or the loudest 
ringing of a small one , conveys to us at once the idea of the size of the 
bell in vibration, — the former sounds /«//, the latter »L'r(n((/." 

This fourth quality, which is still defended by Skoda, ia now, on 
physical grounds, almost universally rejected. The following are the 
principal objections urged against it by various authors (Mazonn, 
Schweigger, Wintrich, &c.) : — that which in music is designated as 
fulness coincides sometimes with the inU'tw't;/, sometimes with the 
left, of a sound; the sound of a large bell is invariably deeper 
lian that of a small one, and is louder also even when both are struck 
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with equal force. This difference does not depend on the yolome of the 
resonant chamber, bu: on the material of which its walls are composed ; 
a small violin may vield a fuller sound than a large one. Similarly 
in the human voice difference in sonorousness does not arise from 
difference in the size of the vocal cords. Even the examples quoted bj 
Hkoda in support of his theory regarding this quality of percussion-sound 
iii thti human chest and abdomen show that fulnt«« is identical with lond- 
uesii and depth, .^ivinnnt-vi with dolness and elevation of pitch. Thus, 
if an entire lobe of the lung be hepatized. with the exception of a small 
itput situated near the surface, this isolated and permeable patch of 
tiHiiut; gives, according to Skoda, a sound which is indeed clear, but 
whirh is also scanty, inasmuch as only a very small body of air is 
v<iU!<i-d tt.> vibrate, whilst the rest of Uie pulmonary substance is in- 
oapiiblo of entering into nbration : in the classification we adopt the 
pt;rfiissiv.in-sound in such a case is regarded as neither so loud nor so 
liivp as that uf the healthy lung, but as somewhat duller and higher in 
piti-li. On the other hand, when the air has free access to all parts of 
thi- lung vtith the exception of a small superficial patch, the sound 
olitd.iit-d over this hepatized spot is. according to Skoda, somewhat 
iuli'T but -itiil modemtoly full, as only a very small portion of lung is 
rtii Ur*;'l ur.iTi-'.CKpxihle of vibration ; in our terminology, however, such 
ii n '-;:. : :.<i 'l^.-x.-ribv-l as less intense (muffled) but still moderately deep. 
Ir I?.* ' .:u': '<«iy :Lc: full sound rendered by the stomach is considered 
I ' 1 1 rtL i -S'^'p, ati'l the sciintier intestinal sound is spoken of as being 
liieli'.r ani h'i intense. The opposite of the full sound, the typically 
'- RCMiity " H'-uiiil. is absolutely indistinguishable from the perfectly doU 
i«(>iiii<l. A<s tf.f fulness and scantiness of the percussion-sound are 
iniii il t'i thv Ii'iii^tr ur shorter duration of the vibrations of the resonant 
ImuIv. tlu> -iritrity s^iuud hiis also been uam<;d the ith--i-t "r fhi.>rti'r ifnind, 
H t) rrii wlni'ii Si vm-i inuppropriato, as its opposite, the U'Wirr .tound, 
li-t<i iir-v( r 111 111 rtiltiiittrd into tho nomonolaturo of percussion; muffled 
^,t itix'-uifl would b«' a nioro tilting; term. 



'r«ii i|ii(ilitii's of sound ivoasioiially mot with still demand 
r.i>iiiii|i'.iriiit>ii, I hi- xnti-ki'A-pot Hound and the amphoric or metallic 

ii'«i>»»i|iii r!. 

TlIK Cuvi-KKP-lvr StU'SD.* 
^lUuit do pot frlo^. 
I iiirt ill II liiouiiiy; «i| ihUUuk noiso, which may be imitated in 
livH nit).i, I.) |>i>i«>ii»Riii^; ^w(h tliohuumuT aiul pleximeter, apply- 
ing Ihii Ulliii apiiiontirti loontdv to tho I'host-wall, so that beneath 
II !•» Ii-h- uii iii(tiiii|>«t:«i ooitl:iiiuii>; air. thouijh in this case the 
unuiiii iitiiilMM-il In witiiitii^' tit ilto Iviupuitic or metallic quality; 

i->ii<iiii't< ,m4 iliH Ui~i iihii i-iu|iiv,%vtl I'oa *\|<'r*<ioa. Bus ha> mora reocntlT 
ill Mill llM 1^ ^« (|„, f,,., , «,(., ^u«.H<uuw< y d,'v«'i»v •</••«<«. 
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and by laying the palms of the hands on each other crosswise, in 
ich a way as to form a hollow chamber, and then striking the 
'back of one of them against the knee. In the latter case the con- 
CUBsiou produces a noise which is exactly like the chinking of 
money, a sound which well-marked bruit de pot fele simulates 
exceedingly closely. In both of the experiments above described 
the sound is caused by the midden escape or discharge of air 
itiibjected to pressure. In health the cracked-pot sound may be 
[elicited by percussing forcibly the chest of children when scream- 
ing, or that of adults when singing a long-sustained note, the air 
being thus suddenly compressed by the force of the percussion- 
stroke aud made to rush out with a hissing sound. 

When the chest is plcntifolly covered by hair this soand is not 
nnfrequently heard, especially over the sternum ; here it is caused by 
the presence of a small quantity of air which lodges in the meshes of 
the crisp wiry hair which grows in this region, aud by its sudden escape 
when the percussion-stroke is delivered. It disappears on moistening 
the ports, the hair then lying flat and close to the sarfaee of the chest. 

The eracked-pot sound occurs in the following pathological 
conditions : 

1. When there are cavities of moderate si::e in the lung-sub' 
stance^ communicating freely with u bronchus of medium calibre, 
ted superficially and at parts over which the chest-wall is 
ciently yielding aud the covering of soft tissues has been 
rendered thin by emaciation. It is heard almost exclusively at 
the upper part of the anterior aspect of the thorax, from the first 
to the fourth rib, more especially iu the infraclavicular region, 
being more distinctly audible when pei-cusaion is practised daring 
expiration, and most clearly when the patient keeps his mouth 
I widchf open. After repeated examination, or accidental closure 
^K of the bronchus leading to the cavity, the bruit disappears, to 
^H return as soon as the cavity is re&Ued with air or the supcrabun- 
^H dant secretion of mucus has been expelled by coughing.. To 
^Bproduce this souud u firm blow is necessary, so that it is better 
^^to use the hammer than the finger. — When connected with 
vomicae in the lungs tho pcrcassion-note is further always of 
tympanitic or metallic quality, which, indeed, is the clement from 
which it derives its " chinking " character ; this tympanitic 
tone becomes inaudible at the instant in which the hissing 
sound is produced by the rush of air from the relatively wide 
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cavity into the relatively narrow broncbas, when the regular 
reflection of the sonorous waves, which is necessary to the forma- 
tion of a tone, is interrupted. Shonld the cavern contain much 
fluid it alao is agitated by the shock of percussion, and something 
resemblingj n rale is heard mingled with the cracked-pot sound. 

2. In some cases of pleurisy, and at those parts of the long, 
situated above the level of the fluid, to which the air still has 
access. The condition of the pulmonaiy vesicles, retracted and 
approximated to each other on account of the dimiuution of their 
air-contents, seems here to favour the escape of the air on per- 
cussion. — The bruit de pot fcle sometimes observed in the ^•icinity 
of pericanUal exudation (Leichtenstem) originates also in the 
retraction of the pulmonary substance compressed by the eflTusion. 

3. Occasionally in cases of pueunwn'ni, over those permeable 
and relaxed parts of the lung immediately adjoining those which 
are hepatized. The cause of the phenomenon is here the same 
SB in pleurisy. Sometimes, however, it is heard also over the 
condensed portion ; this, as in the case of a cavity containing 
air, can arise only from the sudden expulsion of air from one of 
the larger bronchi leading to the affected part. — At other times 
both causes, relaxation of the lung-tissue and concussion of the 
air in the bronchi, ore in operation m pneumonia (Lob).^In 
pleurisy and pneumonia the cracked-pot sound does not become 
louder on opening the mouth. 

4. In cases of thoracic fistula, such as those which sometimes 
occur after paracentesis thoracis. The air in the pleural sac 
escapes through the fistulous opening with a hissing noise on 
percussing in the immediate neighbourhood of the orifice ; when 
the latter is closed the cracked-pot sound is not developed. ^ — The 
same explanation is applicable in some instances oi pneumothorax 
from stabbing or gunshot wounds. — In certain rare cases of 
pneumothorax from internal causes, in which the pleural caNity 
is in direct communication with a large bronchial fistula 
(Oppolzer, Rollet), the bruit de pot fele may be heard. 

The cracked-pot sound is, as the foregoing facts indicate, 
always dependent on the same causes, though the particular 
conditions in which it is found may be very different anatomi- 
cally ; it is most frequently due to the presence of vomicn; in the 
npper lobes of the lungs, the cases of pleurisy, pneumonia, and 
pneumothorax in which it is observed constituting a very small 
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fraction of the total number met with. The occurrence of the 
sound, therefore, in the course of a pulmonary affection known to 
be phthisical, may be taken as absolute proof of the formation of 
cavity. 

Amphoric Resonance. 



^^side 



b 



(Metallic percussion-sound, metallic echo.) 

Tkis sound is identical with that obtained on strikinj^ on tho 
side of an empty cask, a pitcher, or larfje india-rubber ball, &c. 

On the whole, it most closely approaches in quality the tym- 
panitic note, differing from it in being somewhat metallic in 
timbre, by being higher in pitch (its fundamental tone, which is 
Tariable, being ulso accompanied by overtones, or segmental 
tones), and by being of longer duration. The ordinary tym- 
panitic sound ceases at once after the percussion-stroke ; this 
amphoric resonance (the metallic " klang"), however, lasts some 
time longer, as the higher overtones die away much more slowly. 
This modification of the tympanitic sound by the addition of a 
metallic echo may easily be studied in one's own person : the 
cheeks, when relaxed, the mouth being closed, give a sound 
•which is simply tympanitic, when powerfully distended a sound 
of amphoric character. 

The examples cited above show that amphoric resonance is 
produced in l/irffe air-jUlt'd cavirnii, surrounded by smiMth wnlls 
which regularly and uniformly reffect tho waves of sound, com- 
pletely enclosed on all sides or communicating with the external 
air by means of a narrow opening. Aport from the force of tho 
percussion-stroke, the intensity of the sound depends chiefly on 
the size of the cavity ; an audibly metallic note is obtainable 
only from a chamber whose transverse diameter is at least 3—4 
emtr., as has been proved by Merbach and Leichtenstcrn in a 
series of experiments with cylindrical vessels having tense elastic 
walls. The pitch of the metallic tone in voniiciP which are not 
spherical in shape varies with the length of the longest diameter ; 
percussion in the direction of the shorter diameter gives a higher 
note, in the direction of the long diameter a lower note. 

In the thorax amphoric resonance is beard over larfje jnd- 
nrif cavitu-s, and in cases of accumulation of ffiJ3 in the 
Icural sac. 

Excavations in the lunsrs must have a length of at least 6 emtr. 
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of the percussion- sound ia impossible witliout a knowledge of the 
normal pnlmonary sound, of the boutidariea of the areas over 
which it is audible, and of the physiological differences in its 
intensity and pitch at various points on the surface of the thorax. 
In the practice of percussion, therefore, the study of the normal 
sound must precede that of its pathological modifications ; bnt 
the didactic representation of the results (Jf topographical per- 
cussion, on the contrary, can be properly understood only after 
the causes and diagnostic significance of the different qualities of 
percuBsion-sound and its pathological alterations have been dis- 
cussed. — Besides the ordinary anatomical descriptive terms, sach 
as supra- and infra-clavicular, supra- and infra-spinous regions, 
&c., the ribs and intercostal spaces, the sternum and vertebral 
column, are all made available in topographical! nomenclature. 
The numbering of the ribs starts at the first, — when it cannot 
he distinctly felt, at the second, the sternal insertion of which 
stands out prominently. The number of any of the lower ribs 
is best determined by counting from below upwards, the twelfth 
being alwa3'8 easily made out.— 'As aids to more exact topo- 
graphical description the anterior, lateral, and posterior surfaces 
of each side of the thorax are divided by vertical lines drawn at 
nearly equal distances from each other : the viedian line passes 
vertically through the middle of the sternum, the sternal line 
parallel with it at the edge of the bone, the mammillarr/ line 
through the nipple, the parasteniftl line midway between the 
two lost- mentioned lines, the midtllc uxillary line through the 
middle of the axilla (in front of and behind this being the anterior 
and posterior axillary lines), the gcapuhir line perpendicularly 
through the inferior angle of the shoulder-blade. 

1. The Normal Loiits op the Lunq. 

a. The upper littiiL The lungs on both sides rise anteriorly 
8 to 5 cmtr. above the clavicles, occupying there a triangular 
space the outer side of which is formed by the free edge of the 
trapezius muscle, the inner by the clavicular portion of the 
Bternoraastoid, the base by the clavicle. Posteriorly the apex 
of the lung occupies an area bounded externally by the trapezius 
muscle, inferiorly by the spine of the scapula, superiorly by the 
spinous process of the seventh cervical vertebra. 

b. The anterior {inner) limit follows the line of the anterior 
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inner margins of the lungs. These, passing downwards from 
the apices, approach each other and meet behiad the stemum at 
the level of the second rib, and remain in apposition, separated 
only by the anterior mediaatinum, as far as the level of the 
fourth rib ; beyond that point they diverge, the left, after taming 
abruptly outwards, inclines again slightly towards the sternum 
behind the cartilage of the fifth rib, and ends, opposite the sixth 
costal cartilage, in the left lower margin ; the right runs nearly 
perpendicularly behind the Bternum from the level of tho fourth 
rib to the sixth costal cartilage, where it joins the inferior border 
at almost a right angle. 

c. 2'he inferior limit is formed by the lower bordei-a of the 
langs. When tho diaphragm is in a moderate state of con- 
Itraction, as during quiet respiration, the inferior margin of the 
right lung is found at the upper edge of the sixth rib in the 
parasternal and mammillary lines, at the upper edge of the 
eighth rib in the axillary line, at the ninth rib in the scapular 
line, and at the tenth rib close to the vertebral column. Tho 
lower margin of the left lung is situated at the lower border of 
the sixth rib in the mammillary Hne, at the upper border of the 
eighth rib or in the eighth intercostal apace in the axillary 
line, at the ninth rib in the scapular line, and at the tenth rib 
close to the vertebral column. — In aged persons the pulmonary 
boundaries are about a rib's breadth deeper, in childi'en about 
the same distance higher. 

The lungs, when expanded in inspiration, pass over these 
limits, especially inferiorly and anteriorly, least of all in the 
upward direction. In ordinary circumstances, when respiration 
is slow and tranquil, any extensiou of the boundaries of the 
lung which may take place is but trifling, almost imperceptible, 
the displacement at the right lower border, in the mammillary 
line, amounting only to about 1 cmtr. When inspiration is 
forced, on tbe other hand, the lower edge of tho right lung may 
sink to the extent of 3 cmtr. in the parasternal and mammillai-y 
lines, or even as much as 4 cmtr. in the axillary line ; the 
ascent of the upper part of the lung varies from | cmtr. when 
breathing is quiet to IJ cmtr. on making a full inspiration. 
Change of posture alHO gives rise to some displacement of the 
margin of the lung ; on turning from the back to the side while 
in the recumbent position the lung which is uppermost descends 
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usually about 3 cmtr. in the axillary line, and about 2 cmtr. in 
the mammillary line. 

For diacrnostic purposes it is of the greatest importance to 
define accurately, by means of percnssioUj the lower border of 
the right long, inasmuch as if it be shown that it does not go 
beyond its normal limits the possibility of the existence of one 
of the most common lung diseases, vesicular emphysema, is 
excluded. This, fortunately, is easily accomplished, as the lung, 
anteriorly and laterally, is separated from the liver merely by the 
thickness of the diaphragm, so that a marked difference between 
the clear pulmonarj- sound and the dull hepatic sound is at once 
perceived. The line of demarcation of the lower margin of the 
right lung is thus identical witb that of the upper erJge of the liver. 

The delimitation of the right Inng infertorly aifords an excellent 
opportunity of Btndying the gradual transition of the percii88ion-soaQd 
from perfect resonance to absolute dulness. In the first place, daring 
quiet respiration or, still better, after forced expiration, the upper 
boundary of the ahmluuhf dnll hepatic area in the mammillary line should 
be defined and marked on the skin with hlack dertungraphic crayon 
(crayon lithographiqae), when it will usually he found to coincide with 
the lower edge of the sixth rib. In the same way the lowest point at 
which the pulmonary-sound is still perfectly ciear* which is generally 
about the level of the fifth rib, is to be ascertained and sho\^'n on the 
sarface. The region lying between these two points is about an inch 
in depth, and constitntes the zone of transition from resonance to 
dnlness ; in it the percussion-note is somewhat muffled or obscured. 
If this part be further examined by percussing with one finger on the 
other the definite boundary line between lung and hver is fonnd, aa a 
mle, at the upper edge of the sixth rib. The same method of procedure 
is adopted in deUmiting the lung in the parasternal and axillary lines. 
The extreme accuracy and trustworthiness of the results po obtained 
have frequently been shown on the dead body, by inserting long needles 
into the tissues along the lines indicated by physical examination. 

It is of importance from a diagnostic point of view also to 
ascertain the mnhil'tti/ of thi' hirer border of the lungs. As in 
full inspiration the lung stretches downwards to a point 2 to 3 
ctmr. lower than in expiration, the upper part of the area which 
in the latter condition gives a dull liver-sound, is in the former 
case perfectly clear and resonant : this change, when present, 
proves the complete mobility of the lung. When this rising 
and falling movement of the margin of the lungs is wanting, as 
in cases in which the visceral and costal pleurw are extensively 
adherent, the percussion -sound of the region in question remains 
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unaltered in botli phases of respiration. In severe cases of pul- 
naonary omphyBema, also, the edge of the lung is nearly or quit« 
motionless in inspiration ; here, therefore, percussion reveals to 
ns the fact that the alveoli of the lower part of the lung are no 
longer elastic, hut have lost their capability of expansion. 

To determine the upper margin of the lung, the highest point 
at which the clear pulmonary percussion -sound is iippreciahle 
should bo noted during expiration ; if the apex of the lung he 
expansible the clear area extends upwards during inspiration, but 
if, as 80 frequently happens, it bo the seat of cheesy degene- 
ntioD, the clear percussion-area ia lower in point of position 
even during expiration (Soitz) and rises but slightly or not at all 
during inspiration. The difference in the extent of the move- 
ment at the apices on the healthy and the affected sides, 
measured with Haenisch'a stethogiaph, varies from i to a 
little over ^ ctmr. If the porcussion-sound be absolutely dull, 
the apex being completely consolidated and void of air, inspira- 
tion does not make it clearer. WTien the apex of one luug is 
affected, however, the range of movement possible ou the healthy 
side is also generally somewhat restricted. 

The moveraeuta of the anterior inner borders of the lungs may 
be traced by the porcussion-sound becoming louder (clearer) 
over the sternum and in the cardiac region during inspiration. 
In deep inspiration the edges of the lungs creep forward, so that 
the greater part of the heart is covered and the cardiac dulness 
almost entirely masked. 

When the anteri</r border of the left lung is pathologically 
distended (by emphysemaj the cardiac dulness is diminished in 
area or completely obliterated, and the sound over the heart ia 
loud and clear ; if, on the other hand, it be adherent to the 
costal pleura, incapable of expansion or forward movement, tho 
area of cardiac dulness is unaltered either in inspiration or ex- 
piration. When this part of the left lung atrophies it retreats, 
the base of the heart comes to a large extent into contact with 
the chest-wall, the pulsation of tlie heart is seen and felt us far 
upwards as the third or fourth intercostal space, and the region of 
cardiac dulness is enlarged, The mobility of the anterior margin 
of the ri(fht lung is recoguised by the greater clearness of the 
sternal percuBsion-sound in inspiration. 

The movements of the posterior upper and lower borders of 
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the lungs, also, are well-marked and easily made out by the 
extension of the clear percussion-souBd during iDspiration. 

Pathologically the posterior upper margins of the lungs recede 
in contraction of the apices, while the ponUrior bmer borders 
extend downwards to the eleventh or twelfth rib in pulmonary 
emphysema. 

The position of the lobes of the luDgs, with relation to the 
thoracic wall, is as follows : — 

R'ujht lung (three lobes). — The upper lobe reaches downwards 
on the front of the chest to the fourth or fifth rib, laterally to the 
foarth rib, posteriorly to the spine of the scapula ; the lower lobe 
lies between the spine of the scapula and the tenth rib posteriorly, 
and laterally between the sixth and the eighth ribs. Between 
the upper and lower lobes comes the middle lobe, which laterally 
occupies the space included between the fourth and sixth ribs, 
and anteriorly extends to the lower margin of the lung. 

Left lung (two lobes) . The upper lobe comes down on the 
front of the chest to the sixth rib in the mammilkry line, (to 
the inside of which point lies the heart), and laterally to the 
fourth rib ; below this, and reaching to the base in front and 
from the spine of the scapula to the base behind, is the loticr 
lobe, 

2. Regional Percussion. 

On the ri/jht side of the chest in front, from the apex to the 
fifth intercostal space, the percussion- sound is loud (clear), deep, 
and nou-tympanitic ; resonance is greatest fi-ora the clavicle to 
the fourth rib, — the clavicle itself giving a note scarcely less 
clear than that of the supraclavicular region, — and least at the 
apex (on account of the smalluess in volume of the subjacent 
portion of lung) and in the fifth intercostal space (owing to the 
thinning of the lung at this point and its proximity to the liver). 
From the sixth rib to the margin of the thorax the sound is 
absolutely dull ; but about the lower edge of the liver, more 
particularly in children, the intestines give to the percussion- 
sound a more or less distinctly tympanitic quality. 

In the neighbourhood of the sternal insertions of the two first ribs 
on both sides, most often on the riglit side, the perouasion-note is 
osaaUy less clear than (for example) in the tufraclavicukr region. This 



REGIONAL PEBCD8SI0K. 



113 



is caused by the thinness of the lung towards the border, the volume of 
air thrown into vibrntion being smull. 

On the sternum the sound ie clear, deep, and nou-tympanitic. 
On the maaubrium stcnii it is somewhat less clear than ou the 
body of the boue, but is nevertheless nearly as clear as that 
obtained at the apices. That the mauubrium sterni should be 
resonant to percnsaiou though there is no portion of the lung- 
tissue behind it, bat only the trachea, the oesophagus, blood- 
vessels, &c., admits of explanation only on tho supposition that 
its power of entering into vibratiou is such that the movements 
excited in it by the blow are at onco transferred to the neigh- 
bouring lung-tissue. This is what occurs also at the lower part 
of the sternum, — though here and over the xiphoid cartilage the 
sound is less loud and clear, owing to the prosimity of the right 
ventricle of the heart and of the left lobe of the liver. 

The Btemum may be rendered less vibratilc if during the examination 
an assistant press ti^nuly with both hands od the sides of the thorax 
near the 8teraiim (Mazonn), when the sound over those parts of the 
bone behind which no part of the lung is situated, becomes decidedly 
duller. 

The percussion-sound is clear ou the left side in frimt, from 
the apex of the luug to the upper edge of the fourth rib, and 
dull from the fourth rib downwards through the cardiac region 
to the point at which the apex-beat of the heart is perceptible 
(the fifth intercostal space). Ou the sixth rib wo have the first 
trace of the tympanitic stomach-sound, which, lower down, about 
the margin of the thorax, passes into that of the colon. — At the 
haae of the left side of the chestj lying along the auterior lower 
border of the ribs, is a certain region in all parts of which the 
percussion-sound is tympanitic ; it reaches posteriorly to the 
ninth or tenth rtb, is about 8 or 9 cmtr> in breadth at its 
broadest part and somewhat crescentic in general cou formation 
(Traube). This space is encroached upon by the Inng at each 
inspiration, when its upper part yields the clear pulmonary 
sound ; and, similarly, it becomes smaller in all pathological 
conditions (pulmonary emphysema, for example) involving 
downward displacement of the diaphragm and stomach, and 
lis enlarged in those conditions (atrophy of the left lung, for 
instance) in which the diaphragm is drawn upwards. It is 
reduced in size also in cases of elTusiou into the left pleara, 
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wben the fluid is bo abundant as to occuj\y the front of the 
cavity, the pressure from above pushing the diaphrftg^m, and 
with it the stomach, downwards ; the semilunar shape is then 
completely lost, and the area formerly resonant is now dull to 
percussion. The beginning of the process of absorption of the 
fluid is often announced by the return of an obscurely tympanitic 
percuBsion -sound in the region described. 

On the posterior surface of the chest the pulmonary percus- 
Bion-Bound ia heard on both sides as far dowTi as the tenth or 
eleventh rib ; it is less clear than in front, owing to the ample 
development of the dorsal muscles and the greater resistance 
offered by the ribs. The sound is least clear in the supra- and 
infra -spinous regions and at the lower part of the thorax. 
Bending of the body to one or other aide, asymmetry of the 
shouIderB, and frequently the fuller development of the muscles 
on the right side of the back, give rise to physiological diftcrences 
in tho percussion-note ; these, however, may usually be elimi- 
nated by directing the patient to assume such a position that 
tho parts on each side are brought into the same condition 
during examination, particularly by making him cross the arms 
in front and stoop a little forward ; in this position the posterior 
surface of the chest is alike on both sides and the muscles in an 
equal state of tension. 

On the rhfht biterul surface the sound is loud and clear down 
to the eighth rib, at which point the liver-dulness begins. — On 
the l*'J't hiteral surface the pulmonary sound may be elicited as 
far downwards as tho ninth rib ; between the ninth and eleventh 
ribs the percussion-note is rendered dull by the spleen, while at 
the eleventh rib the t^-mpanitic sound of the colon is first 
detected. 

The Sense of Resistance AccoMrANYixCf Percussion. 

Tho more solid the consistence of any body the greater is the 
sense of resistance experienced by tho fingers in pressing or (>er- 
oussiug niKin it ; it is from this cause that in ascending a stone 
Btair the resistance perceived by the soles of the feet is greater 
than iu ascending odo oonsiraoted of wood. Hard bodies, such 
as wood or stono, offer very considerable resistance to percussion, 
soft bodies, such as cotton- wovd, feathers, tkc, almost none. 
Similar differences aro observable, in percussing the organs 
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removed from tlie tliorax and alwloraen, between tlie resistance 
of a compressible, pormeaWo lung and that of a firm, hepatized 
lung or any other solid body (liver, heart, spleen, &c.). But 
this sensation depends not only on the consistence but also on 
the thickness of the solid body ; thus, the thin spleen, removed 
from the abdominal cavity, is considerably less resistant than 
the thick liver, while the relatively thin left lobe of the liver 
gives this feeling to a much less intense degree than the right. 
— The existence of these varied degrees of resistance may also 
be demonstrated on the body by simply pereusainfj the lungs, 
liver, spleen, breast, &c., thou|Tb the diifereuces will be found 
to be hardly so well marked as when examining the organs 
outside the body, as the resistance of the thoracic walls has to 
be taken into accomit. 

Tho resistance of the lungs may be ificrcaaed or diminished ; 
the former is an exceedingly common condition, the latter some- 
what rare. 

Increase of the sense of resistance at various points occurs, 
even tboufiih the lungs be normal, from the presence of tertain 
obstacles which the structure of the thorax and the soft parts 
offer to the proper perfonnance of percussion. Amongst those 
unfavourable conditions are excessive development of the bones 
forming the framework of the chest, narrowness of the intercostal 
spaces, unusual convexity of the ribs, and the presence of a 
large deposit of fat (especially in and around the female 
mamma) - 

The principal pathological chanj^e which gives rise to increased 
resistance in the lung is impermeability of its tissue to air, 
whether produced by infiltration, atrophy, or compression (by 
fluid or tumours in the pleural sac) ; it is thus usually traceable 
to the same causes which are known to render the percussion- 
BOond dull. Hence increased resiattmce and a dull percussion- 
Boond are always found associated, and point to the same conclu- 
BJon — that thi' subjacent media arc j/artiaUij or wholly deprived 
vf their capability of entering into vibration. 

Other things being equal the feeling of resistance increases 
progressively with, though not proportionately to, the diminution 
in the air-contents of the lung ; the completely air-less hepatized 
lung is thus much more resistant than that which is solidified 
(but less completely) from other causes ; large pleuritic effusion 
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whose ciiBtence we infer from alteration in the pitch of llie percassion- 
note, from the presence of the tympanitic sound, from variation in the 
pitch of the sound on openiDg or closing the mouth, from the bruit de 
pot ft'Ie and the amphoric resonance. The increased sense of resistance, 
bj which doiiHO orgaus m&y at once be detected on percussion, i« 
perceptible to but a very Blight degree in the phonometric method. — I 
consider phonomotry badly adapted for the eramination of the abdomen, 
except, perhaps, in the delimitation of the liver and spleen. There is 
almost no ditfereucc between the phonoraotric sound of the thorax and 
that of the iibdomea, though the percusbion-notes of these parts are bo 
exceedingly unlike and characteristic ; whUo even the most pronounced 
pathologittal changes in the abdomen, — very abundant ascites, for 
instance, — annoimco themselves verj' much less distinctly by phono- 
metry than by percussion. Finally, a phonometric examination of the 
whole thorax, as may bo inferred from the descriptiou of it already 
given, cannot be made in a shorter time than a period at least three 
times as long as that required for examination by percussion. For all 
these reasons phonometry, — however interesting it may be scientifically, 
and however certain it may be that iu the hands of those skilled in 
its use it may suliice for the recognition of very fine shades of 
difference iu resonance, — bus hitherto found little favour with practical 
physicians ns a means of physical diagnosis. 
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Historical Note. 

The knowledge of at least some of the phenomena of auscultation, 
more piirticalarly of tho sign known an llipp'tcratic miccMnskm,* 
observed in pyo-pneujnotliorax, dates from the time uf Hippocrates. 
That Hippocrates was also acquuinted with tho friutioDf-sonnil of 
pleonfiv and many of the cataiThal Bounds seema equ&liy onqucstion- 
able, not merely from tho description of these given in hia worka, but 
also from his accuiint of the diseases iu which they were heard. 

His observatious, however, seem soon to have been entirely for- 
gotten, as there are ouly a few scattered and obscure references to 
auscultation, but no precise enumeration of signs, in tho works of 
certain of the ancient writers who came after him. 

The real discoverer of anscultation, and of almost all its pheno- 
mena in the domain of the respiratory and circulatory organs, is 
Lamur (born 1781, died 1826), The discovery was made in the 
year 1816, the hrst stethoscope which La;uuec used, to enable him to 
hear better tho beat of the heart in a case of cardiac disease, being a 
roll of paper. Three years' further study and observation in the 
Ui'ipital Necker made him acquainted with nearly all tho auscultatory 
signs, the result of his labours being first given to the world in 1819, 
in a work entitled " Traiti- de I' Auscultation mi'-diatc et des maladies 
des poumons et du cisur." — iaj-niht has submitted Lnennec's teaching 
to a most searching criticism, and. by tracing each of the auscultatory 
phenomena to its physiciU cause, ha» worked as great a reformation in 
this department of physical diagDosia as in the science of percussion. 
Be has not only simplified matters by setting aside many of the points 
which found a place in Ltcnnec's system, but has also established, on 
physical principlen, a classification of the phenomena of auscultation 
which has found universal acceptance iip to the present time. 

Our knowledge of the signs revealed by auscultation baa recoived 

• fnpof tuv T« X*M>*f «)(^T«». ffv ii riw Itftjor atUtv ixoiitir9ax, tu( otinfMv a» rwr 

MAnptmp TO watoi ^m^. (Another bolds the hauda of the patient, whilst thoa, shaking 
him bj the shoulders, lisienest from which side the sauud proceeds.) 

f Tpiiti lb nvtvita olai' iAa.<j1Xijt , . . . . (the rcspirtttoiy oound ii attended bj a 

creaking, u of leather.) 
Aaother posnage, relative to the preaenco of fluid in the ch«t, ii to the following 

effect : — tovtw a* ■y^oi-ij?, ort ou irvo**, oAAa vinap ttrrV,, itaV ^i' roAAtoi' XP^*^** Wflocix'^*^ ^'^ o^ o^owo^Tf 

irpi« Ti vA«vpd, «Wii- firw6fvo!o»'i^i><tK>f . (Hereby tniiyst thon know that the fluid is water, 
not piu, — by holding thine ear to the side juid listeain^, when it ia aa if ii Bound oama 
from within.) 

Catarrhil eoDuds also are repeatedly mentioned by Hippocrates. A yery complete 
collection of the passages in which ho treat* of the above subjects and of physical 
diagnoftiji generally, has been made and published by KUchenmeiater. 
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certain not mumportant a dditioiis rince the time of L rmm t K : amongst 
thsM aboold be mentioned tho sound of pleoritie fiictioo (Hemaad. 
1829), that of peri<»rdial friction (Collin, 1681), and the proper 
interpretation of the sounds heard over the Tenala, and of manj 
other facts connected with the aoscoltation of the heait and abdomen. 
(See the chapters in which these points are discussed.) 



Methods of Acsccltatiok. 



• 



Of these there are two, immediate and mediate; in the former 
the ear is applied directly to the chest, in the latter the stetho- 
scope is interposed. 

1. Immediate anscnhatioD has these advantages, that the 
sonnds generated within the respiratory apparatus are heard 
more loudly with the unaided ear than through the stethoscope, 
and that a larger area can be examined at a time ; when it is 
necessary, therefore, that the ch^st should be gone over rapidly, 
especially its posterior surface, (as in very exhausting diseases, 
in which the patient is unable to sit up any length of time), 
immediate auscultation is to be preferred. 

It has many drawbacks, however ; not only is it, from tlie form 
of the thorax, attended by great inconvenience both to the patient 
and to the examiner, but it also involves many sources of error. 
It is frequently a matter of considerable difficulty, sometimes it 
is even impossible, to apply the ear accurately to certain parts 
the exploration of which is of the utmost importance, — the 
supraclavicular regions, for instance, especially when, as is so 
commonly the case, they are hollowed out by emaciation. In 
the supraspinous regions also this method is usually equally 
inapplicable. 

The practice of immediate auscultation is, further, always 
associated with certain circumstances which are very apt to 
mislead ; thus, the rubbing of the hair in the neighl>ourhood 
of the ear on the suiface of the thorax in inspiralion, and 
to a certain extent also in expiration, may give rise to artificial 
sounds which, as they closely simulate the so-called crepitant 
r&les, sometimes prove very deceptive, .\nd in those cases in 
which abnormal sounds are strictly limited in distribution, or 
in which the sounds vary greatly in character within a small 
area, immediate auscultatioa is obviously an untrustworthy method 
of examination. 
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Aascultiition ia best practised on the exposed skin. When femaJo 
delicacy absohitoly forbids this, — which comparatively seldom happens, 
most of the laity being fully aware of the great importance of auscul- 
tation, — the parts may remain covered by the chemise ; aiKl although 
in such circumstances perplexing friction-sounds are usually- mingled 
with the proper respiratjrv mnrmar, the practised auscaltutor Boon 
learns to recognise these and to distinguish them from the sounds 
really originating in the organs of respiration. A skilful oxaminor is 
able also to appreciate, through the clothes, both the normal and the 
abnormal respiratory sounds. No one will, of course, rest completely 
satisfied with such a superficial exauiiuatioD, more particularly when 
the disease is in its earlier stages and when it is desired to determine 
exactly its extent and nature. 

2. Mediate auscuItRtion, by means of the stethoscope. The 
various forms of stethoscope, though there are a great many in 
general use, are widely known and need little description. In 
the most useful form of iiielrument the ear-pkte is somewhat 
concave and fits closely to the external ear. so as to facilitate 
the free and unobstructed entrance of the waves of sound. This 
condition is still more completely fulfille<l when the Btethoacope 
is furnished* not with an ear-pltite, but with a amall conical 
plug which is introduced into the auditory meatus ; the flexible 
gtethoscope, the auricular and thoracic unde of which ai-e con- 
nected by a tube of india-rubber, is constructed in thiH fashion. — 
All the acoustic phenomena are heard much more distinctly 
through the binaural stethoscope, — a simplification of that so 
much us*/d in America, having one ciip-aliaped thoracic end 
from which proceed two flexible tubes, each provided with a 
small conical ear-piece to fit the meatus. But its great advan- 
tage, the exceeding clearness with which it conveys sound, is 
nullified by an objection which even long practice is not always 
able to overcome, namely, that the slightest movement of the 
tube or of the ear-piece in the ear excites loud accessory sounds. — 
This variety of stethoscope is obviously well suited for self- 
auscultation. 

In applying the ear to the stethoBcope it is necessary to guard 
against pressing too firmly on the thorax, as this is decidedly unplea- 
sant even to persons in good health, imd is often positively painful to 
those suflTering from any illness, especially if they are to any extent 
emaciated. In cases in which the acoustic phenomena are feeble and 
difficult to catch, the ear which is not employed in aascnltating may be 
filled with cotton-wool, to exclude such sounds as would be likely to 
confuse those coming from within ; a little experience, however, renders 
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this onueccssiuy. — lo auscultating the lungs the examinatioD ehoold 
be begun at the apices and continued regal nrly downwards towards the 
bases, the symmetrical spots on each side being compared with each 
other, though this latter part of the proceeding is not abKolntely 
indispensahle.- — The sounds may be rendered more audible by causing 
the patient to breatlie deeply, especially if the respiration be shallow. 

Thft objects aimed at in auscultating the langs are : 

I. To obtain a knowledge of the sounds which accompany 
both of the respiratory acts. These fall naturally into 
three gronps ; 

a. Simple restpirninni murmurn ; 

h. lidles, proiiuced during respiration, b}' the presence 

of fluid in the bronchi or in the substance of the 

lung: 
c. Friction goumh, arising from the rubbing of the 

roughened pleural surfaces on each other. 

II. The auscultation of the cough and voice. 



Simple Eesphutory MtrEMuns. 



i 



Strictly speaking this expression includes only those breath- 
sounds which may be heard over the thorttx ; more generaily, 
it comprehends also those which originate, during respiration, 
in the nose, mouth, and larynx. The sounds produced by 
the current of air in the uasnl and buccal canties (the mouth 
being open) and in the pharynx not uufret|uently, especially 
if the breathing be hurried or irregular, become intermingled 
with and obscure the true respiratory phenomena, and as they 
possess the same blowing character as the laryngeal and bronchial 
Bounds they often prove a source of great confusion to beginners. 
To eliminate the buccal sound the patient should be made to 
close the mouth and to breathe only through the nose; with 
regard to the nasal and pharyngchl sounds it is necessary to 
be able to recognise them readily and to distinguish them from 
the pulmonary respiratory murmur, as they are sometimes 
audible even over the whole of the thorax. The laryngeal sounds 
do not complicate the auscultation of the chest, as, if the laryngeal 
mucous membrane be normal and the passage of tho current of 
air be unimpeded, they are quite inaudible over the thorax, except 
at certain piirts, which are mentioned in detail on p. 130. 

The simple respiratory sounds produced in the lungs, both in 
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health and in pathological conditions, ai'e divided by Skoda into 
three groups : 

1. Vesinihtr rcajiimtorif mnvmur, 

*2, Bnnichinl retipirntory murmur. 

3. Iiidetcrininate reit}uraioi~y inunnur, 

TuE Vesicular RESPmATORY Murmur. 

The characteristic features of this sound may be easily repro- 
duced by nearly closing the lips and {gently drawing a current of 
air inwards ; there is obtained in this way a Bighing or slightly 
whiffing sound, which closely resembles that of vesicular rcKpira- 
tion. — The vesicular respiratory murmur owes its uiinie to the 
circumstance that it is j^rodiiceil at the instant at trfiivh the air 
enters the alveoli. That it is generated just at this stage of the 
respiratory act seems placed beyond doubt by the fact that the 
sound disappears in all cases in which the entrance of air into 
the vesicles is prevented (as when they are tilled with fluid), even 
though the bronchi, from the largest to the smiiHest, be perfectly 
free and pervious. — With respect to the actual cause of the 
vesicular murmur no adequate explanation can bo given. "Whilst 
most hold that it is no way connected with the bronchial sound, 
some authors have lately attempted to show that it is merely a 
modification of the sound originating in the larynx, — that the 
sonorous waves, in passing from that part into the relatively 
wide resonant chamber presented by the lungs, travel more 
slowly, are reduced in force and intensity, and lose the timbre and 
other properties they possessed while still iu the larynx (Baas). 
It is undoubtedly the case that the laryngeal sound suffers 
considerable alteration in transmission through permeable, air- 
containing lung tissue. If, for example, a piece of the lung of 
some animal be inflated (but not too much) and laid on the 
larynx the characteristic laryngeal sound is no longer heard 
through it, but a sound whiuh, in proportion to the thickness of 
the portion of lung used, is less tubular in quality and less 
clear in tone, and which may even possess all the [Jroperties 
of the ordinary normal vesicular nmrmur (Penzoldt) ; but if 
a, piece of liver be sulistituted for lung the laryngeal sound is 
heard through it quite unchanged. Possibly tlie sound of 
vesicular respiration noticed in the experiment described may 
have had its origin not merely in the propagation of the laryngeal 
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accessible to the air, and are ratber later in expanding, than the 
freely permeable luag-substauce iying between them, aud in- 
spiration becomes jerking or interrupted. After repeated deep 
inspirrttion, or an attack of congbiug, it disappears for a time, 
but returns fihortly afterwards, — From the physical point of 
view interrupted inspiration indicates merely thii existence of 
some obstacle to the entrance of air into the pulmonary paren- 
chyma ; this obstacle is sometimes of short duration, and then 
is of no particular moment ; at other times it is found to persist 
for a considerable period, and then may be accepted as pointing 
to incipient catarrh in the apices. In such cases also there are 
usually other auscultatory' phenomena (prolonged expiration, 
perhaps even a few feeble rules) which warrant the same diag- 
nostic inference. 

Another modification of the normal respiratory sound is the 
so-called systolic vesicular murmur, sometimes heard at the 
borders of the lungs, near tbe heart ; it is caused by the sudden 
ruBh of air into the alveoli of these parts of the lung, which 
rapidly expand and occupy the space rendered vacant by the 
shrinking of the heart in systole. This sound, nevertheless, 
occasionally occurs f|aite independently of inspiration, and in 
such circumstances is very feeble, though most commonly it 
is perceptible only when inspiration happens to coincide with 
a cardiac contraction, — when the portions of lung immediately 
adjoining the heart receive more air than the other parts of the 
lung. 

The only diagnostic conclusion that can be dra-mi from the 
existence of the vesicular respiratory sound is that wherever it is 
audible the subjacent lung-tissue is permeable to air; but it 
does not necesHurUy follow that the part is capable of admitting 

noTinal qtuiniity of air. — The expansibility of the lung may, 
'from various causes, be considerably diminished without in- 
volving any marked alteration in the vesicular murmur, so long 
as between these denser parts others intervene still having the 
normal spongy texture ; and any deficiency is still further 
masked by the breath-sounds proceeding from the adjoining 
healthy tissue. In nil these cases, however, the diagnostic 
inference, that the part under examination has suffered (Umitm- 
tioji of its air-contents, is rendered easier by the presence of 
other physical signs, such as changes in the percussion -note 




124 



A HANDBOOK OF PHYSICAL DIAGNOSIS. 



sound through other resonant sptices, hat also in the simultaneous 
vibration of the inflated and tense lung-substance (see below). 

The various theories regarding the cause of the vesicular respiratory 
marmur are the folJowing:^ 

According to LEEtinec, Skoda, and others, it arises from the friction 
of the air agftinst the walla of the alveoli while the latter are being 
dilated ; tlie results of experimental inveBtigation, however, teU 
against this view, as the inflation even of large chamherfl (large caoot- 
chouc balloons, for instance) is accomplished noiselessly. If the 
ultimate ramifications of the bronchi be represented by a piece of 
Indian cane (which conwistB of extremely fine tubules of equal dia- 
meter), and to this a tliin clastic bladder be attached, it is found that 
on blowing through the cano and distending the bladder no sound ie 
produc<>d. — OthtTK ascribe the vesicular murmur to vibration of the air 
as it enters the alveoli ; the conditiun necessary to the occnirence of this 
"oscillation '* of the current of air Chnuveau, Bnnrlpt., P. Niemoyer, &c., 
professed to fiud in a constriction of the most minute bronchioles which 
takes place at the point at which they open into the funnel-shaped 
infundibula ; they thus held that the vesicular murmur is made up of 
numberlesB stoaosis-murmura. — Talma adduces certain experiments, in 
which a current of air was forced through india-rubber tubes, in sup- 
port of the hypothesis that the vesicular murmur is caused hy the 
" friction of small bodies of air on each other." Over the middle of 
these lubes the bruit heard is continuous, while ou contracting the 
orifice of entrance the sound bucomos weaker at the middle of the 
tubes, but stronger at the constricted point; from these facts he 
infers that the sound heard at the centre originates at that part 
(from friction of the particies of air on each other) and is not trans- 
mitted to it from the orifice. — Baas, in opposition to those who look 
upon the vesicular murmur as an independent phenomenon, uncon- 
nected with the other respiratory sounds, holds that the tracheal 
sound ia the one source of all the pulmonary respiratory murmurs, and 
that it is merely variouaiy modified at dilierent parts according to the 
dimenaions of the resonant spaces to which it is conducted ; thus, in 
the bronchi it becomes bronchial, in the alveoli vesicular. — Gerhardt 
and Penzoldt attribute the vesicular murmur to still another cause, to 
vibration of the lang tissue, as its state of tension is increased during 
inspiration ; they suppose that these vibrations, when added to the 
bronchial sound, give it the vesicular character. Penzoldt was led to 
that conclusion by the following experiment : if a atetboscope, formed 
of several separate parts screwed together, having a thin tense mem- 
brane (the air-bladder of a fish) interposed between each two pieces 
to represent the tissue of the lung when distended, be applied over 
the larynx, or over those parts of a diseased luu^ at which, wilh tin ordi- 
nary instrument, the respiration is bronchial, the sound now heard is 
no longer bronchial but vesicular. 

The vesicular respiratory raurmnr is audible only during 



VESICUIiAB RESPIEIATORY MUBMCB. 



12S 



«wpi 



ration, usually tliroughout its whole duration, Imt only 
towards the end of the act if breathing bo superficial. The in- 
tensity (cloamess) of the sound depends in moat cases on the 
energy with which respiratiou is carried on ; in general, however, 
it varies greatly in difterent individuals, even though their lungs 
be equally well developed and respiratiou be equally energetic. 
^ These differences have no great diagnostic signilitauce. 
H In health the vesicular murmur is heard over the whole 
" thorax, most loudly at those parts where the soft coverings are 
thinnest aud offer least opposition to the propagation of the 
sound. The inspiratory murmur is therefore louder anteriorly 
than posteriorly, loudest in the infraclavicular region, feeblest in 
i the supra- and iufra-spinous regions ; it is also weak wherever 
^■the subjacent layer of lung is thin, — at the apices and the 
^^ anterior and inferior borders. The two sides of the chest often 
show marked differences in tlie intensity of the sound, the latter 
being louder sometimes on one side,, sometimes on the other. 
Occasionally, though not always, there are obvious local causes 
for the eufeeblement of the murmur at certain parts, — such as 
increased thickness of the soft parts and abnormal convexity of 
the ribs, both of these conditions being highl}- unfavourable to 
the transmission of sounds, — If inspiration bo sufficieutly vigorous 
the vesicular murmur may be perceived not only in those parts 
behind which lung substaneo is situated, but also at other parts 
< — the hepatic region, for instance, — to which the sound is con- 
ducted. 

With regard to the character of the vesicular respiration, a 
distinction is made between the soft and the harsh or rough 
vesicular murmun In normal circumstances, when the mucous 
membrane lining the air-passagos is in a healthy state, the 
sound is soft ; but in cataiTh and sicelliitff of the membrane, 

»it becomes roii/jh, the normal sound being altered by the addi- 
tion of vibrations from the folds aud prominences on the mucous 
barfJBUje. Following the distribution of the catarrhal affection, 
this harsh respiratory murmur may be strictly circumscribed or 
may be diffused over tho whole thorax. — The detection of rough 
respiration over a limited area is of diagnostic importance as 
serving to determine the cause of the catarrh. Experience 
shows, for example, that catarrh of the apices is seklom primary, 
but usually secondary, indicating the beginning of caseous con- 
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densation in these parts. A rough respiratory murmur, there- 
fore, localised in one or both apices, presenting no variation as 
regards its site on repeated examination, famishes good ground 
for the BUBpic;iou that the catarrh is secondary to a phthisical 
affection ; the same sound, however, is heard over the whole of 
one or both lungs, both iu primary simple bronchial catarrh 
and in the secondary catarrh associated with various diseases of 
the lung-substance and air-pasBages. 

The harsh vesicular murmur occurs sometimes alone, but 
more frequently combined with certain accessory sounds, — the 
r&Ies, to be considered further on. 

Harsh respiration is, nevertheless, quite consistent with perfect 
health ; thus, in children, till they are about twelve years of 
age, tho vesicular murmur is exaggerated and rough, and so 
characteristic is this sound that harsh respiration generally is 
often spoken of as puerile. This peculiarity of the respiratory 
murmur in children may be due to tho fact that comparatively 
little opposition is offered to the transmission of sound by the 
thin chest-wall, and to the resistance to inspiratory expansion 
presented by the greater elasticity of the lungs in early life. — 
After the twelfth year the pen rile breath -aouud passes gradually 
into the softer vesicular murmur of adults. 

A special variety of the vesicular respiratory bruit is the 
jerking inspiration. This term is used to describe a i^sicular 
inspiration divided into two or more parts, — a phenomenon 
which may be imitated by contracting the lips and drawing the 
air through them in several quick, suddeii draughts repeated at 
short intervals. Such an interrupted inspiratory sound is 
often audible over a large extent of the thorax when the indi- 
vidual under examination breathes irregularly or very slowly, in 
Buch a way that the air gains earlier access to one part of the 
lung than to another. A quick deep inspiration, by which the 
lungs are speedily and evenly expanded, causes this physio- 
logical variety of jerking respiration to disappear. — From this is 
to be distinguished an inten'upted vesicular murmur of patho- 
logical origin, occurring in one or both apices, and usually 
confined to these parts. Thus if the air-cells in the apices be 
partially occupied by infiltration, and the finer bronchi be also 
somewhat reduced in calibre by tumefaction of their uiucons 
membrane, the affected portions of the lungs are less readily 
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accessible to the air, and are rather later in expanding, than the 
freely permeable lung-subatance lyin^ between them, and in- 
Bpiratiou becomes jerking or interrupted. After repeated deep 
inspiration, or an attack of coughing, it disappears for a time, 
but returns shortly afterwards. — From the physical point of 
view interrupted inspiration indicates merely thii existence of 
some obstacle to the entrance of air into the pulmonary paren- 
chyma ; this obstacle is sometimes of short duration, and then 
is of no particular moment ; at other times it is found to persist 
for a considerable period, and then may be accepted as pointing 
to incipient catarrh in the apices. In such eases also there are 
usually other auscultatory' phenomena (prolonged expiration, 
perhaps even a few feeble rides) which warrant the same diag- 
nostic inference. 

Another modification of the normal respiratory sound is the 
so-called aystolu- vesicular murmur, sometimes heard at the 
borders of the lungs, near the heart ; it is caused by the sudden 
rush of air into the alveoli of these parts of the lung, which 
rapidly expand and occupy the space rendered vacant by the 
shrinking of the heart in systole. This sound, nevertheless, 
occasiouttlly occurs quite independently of inspiration, and in 
Buch circumstances is very feeble, though most commonly it 
is perceptible only when inspiration happens to coincide with 
a cardiac contraction, — when the portions of lung immediately 
adjoining the heart receive more air than the other parts of the 
Iting. 

The only diagnostic conclusion that can be drawn from the 
existence of the vesicular respiratory sound is that wherever it is 
audible the subjacent lung-tissue is permeable to air; but it 
does not necessarily follow that the part is capable of admitting 
a rwnnal qmmtity of air. — The expansibility of the lung may, 
from various causes, he considerably diminished without in- 
volving any marked alteration in the vesicular murmur, so long 
as between these denser parts others intervene still having the 
normal spongy texture ; and any deficiency is still further 
masked by the breath-sounds proceeding from the adjoining 
healthy tissue. In all these cases, however, the diagnostic 
inference, that the part under examination has suftercd diminu- 
tion of its air-contents, is rendered easier by the presence of 
other physical signs, such as changes in the percussion-note 
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(muffling of tho sound) and certain ausuultatory phenomena, 
especiallj fine bubbling rkles. 

If ilio air bo entireb/ exdHded from a larger or smaller portion 
of tbe hnijj, tlie vesicular murmur witliiu the region so affected is 
JoBt, being either totally suppressed, or replaced by a sound of 
no determinate quality or by bronchial breathing- 

The vesicular respiratory murmur is uMtifltrd over a large area, 
sometimes even over the whole of one side of the chest, when the 
lung 18 completrly collapsed by the prfssurc of Jluid or air in the 
pleural cai'ify or by auy other cause ; it disappears to a less ex- 
tent when the lung is compressed by mediastinal tumours, large 
pericardial effusion, an excessively hypertrophied heart, &c, ; 
it becomes inaudible on both sides in very aggravated cases of 
vesicular emphysema ; and finally, when the lung is completely 
solidified the vesicular murmur is no longer heard, but is replaced 
by other auscultatory signs. 

The vesicular respiratory murmur is irt-akened, over a greater 
or leas extent of surface, by the presence of minor degrees of the 
above-named affections, by marked reduction in the calibre of the 
larynx and trachea ; temporarily, also, by obstruction of any of 
the larger bronchi. 

Such coustrictioQB of the air-passages may result from the formatioD 
of croupous membraneB, swelliDga, cicatricial (sjrphilitic) adhesioDS, 
&c., more rarely from paralysis of the dilators of the glottis ou both 
sides ; when it arises from thii latter cause Uia rima glottidis, instead 
of dilating in inspiration, contracts, sometimes even to absolute closure, 
the vocal cords falling asunder again only in expiration. — In cases of 
obstmction of the bronchi by superabundant mucous secretion the 
vesicular murumr La weakened only in circamBcribed spots, and regains 
its intensity after on attack of coughing. If tbe embarrassment of 
respiration be dne to the partial or comphtf domrr of one of the 
ftrincipal bronchi by the impaction of a foreign body (a somewhat rare 
occurrence), the vesicular murmur over the greater part of one side of 
the chest is so enfeebled as to be almost inappreciable. 

Weakening, or even abolition, of the respiratory sounds may 
thus spring from so many diverse causes that it admits only of 
the general diagnostic interpretation,— that the air gains accesa 
to the alveoli with difficulty or not at all. 

In those pathological conditions in which vesicalar respiration is 
abolished (in cases of compression of tbe lung by pleuritic exudation or 
oh-, or of severe pulmonary empbysema, for instance), mspiration is 
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attended either by bo audible sound or only a faint, undefined whiffing 
generated in the bronchi. — In another group of crises, characteriaed by 
complftf in/Utratv>n of the air-cells, the respiratory sound is no longor 
vesicnlar, bat bronchial, and accompanied usually by ridea, when the 
bronchus leading to the hepatizcd part is not stopped-up by secretion. 
The vesicular murmur, in becoming weaker, becomes also less clearly 
defined in character, till it pasaes gradually into the indeterminate 
respiratory murmur. 

The Expiratory Murmur. 

In auscultating the normal chest in expiration only a weak and 
soft whiffing or buzzing, indejimte sound ig heard, which bear8 
no trace of resemblance to the vesicular inspiratory murmur ; it 
is usually much shorter than the latter, and ia produced by the 
outward curreut of air through the bronchi. 

The princijjal pathological alterations of the expiratory murmur 
are prolongation and harshness. Very frequently, indeed usually, 
both changes are observed together and are due to the same 
cause. 

Prolongation of the expiratory murmur occurs over extensive 
or circumscribed areas, the breath- sounds being either otherwise 
nnoltered or accompauied by accessory sounds. It always indi- 
cates that there exists some hindrance to the free escape of the 
respired air. It is one of the physical signs, therefore, that attend 
severe bronchial catarrh, being caused by the diminution in the 
lumen of the bronchi which takes place from swelling of their 
mucous lining ; it is met with particularly in the diffuse bronchial 
catarrh which is associated with vesicular emphysema, — It is also 
very frequently heard, but more strictly localised, as the result of 

e bronchial catarrh connected with condensation of the lungs, 
liimited to one or both apices, prolonged expiration is one of the 
earliest signs of incipient catarrh, and may then he regarded as 
evidence of the commencement of cheesy degeneration ; in such 
circumstances it is often combinod with other auscultatory 
phenomena (dry or moist riiles) pointing to the same conclusion. 

A harfih expiratory murmur, like one which is prolonged, being 
caused by obstruction to the expiratory current of air and vibra- 
tion of the swollen bronchial mucous membrane, indicates equally 
dearly the presence of bronchial catarrh. It merges gradually 
into that form of expiration to which the accessory sounds, — 
larticulurly the dry rides, sonorous, buzzing, sibilant, — are 
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added; these ralea, however, maybe so loud as to completely 
cover the proper expiratory sound. 

The Bronchial (Laryngeal, Tracheal) Respikatorv MnRUTB. 

In auBcuItating the lurynx there is heard, both ia inspiration 
and in expiration, a loud, rough murmur, which may best be com- 
pared with the sound of the aspirate "h," or with the puflBng 
Bound produced by blowing through a tube, such as that of 
the Btcthoacope. The pronunciation of the German word 
" hauehend " reproduces fairly the peculiar characters of the 
laryngeal respiratory sound ; when the latter is soft the quality 
of the "h" predominates, when rough, that of the guttural "ch." 
The lar^Tigeal sound is also sometimeB described as tubular, from 
its complete identity with the hollow, blowing sound caused by 
the rushing of air through a tube. It is loudest at the rima 
glottidis, this being the narrowest part of the tube through which 
the aerial current passes. From the larynx it is propagated 
downwards into the trachea and both bronchi, but with gradually 
decreasing intensity ; in the trachea, however, it is quite as 
loud as in the larjTQs, and is of almost equal strength in in- 
spiration and in expiration. Opposite the bifurcation of the 
trachea, (between the shoulder-blades and near the fourth 
dorsal vertebra), the larj'iigeal respiratory murmur is already 
considerably feebler and softer, and ia clearly audible only in 
expiration ; it is more distinctly appreciable on the right side 
than on the left, the right bronchus being wider than the left 
and lying nearer to the surface of the thorax. From the point 
at which the trachea divides the tracheal murmur is carried on- 
wards into the brt^nchi, so that it may sometimes be heard over 
the whole interscapular, and occasionally even in the supra- 
spinous, regions. 

Lippe examined 203 healthy individuals, to determine the limits of 
the area of bronchial respiration. He foond that it was invariablv 
bounded superiorly by the seventh cervical vertebra, that it extended 
downwards from that point and to both sides of the chest, in only four 
cases being limilvd to the right side, luferiorly its boundary varied, 
b«ing usually marked by the second, fourth, or sixth cervical vertebra 
and bat rarely reaching further downwards. 

Outaido of the region dosoribcd bronchial respiration is not 
heard in the normal thorax, although, as may be inferred from 
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certain pathological phenomena, the laryngeal sound is con- 
veyed even to bronchi of mediam calibre, ita tubular quality 
being obviously modified or suppressed by the low conducting 
power of the spongy lung- tissue. 

In pathological conditions bronchial respiration may become 
audible at any part of the thorax, nnd during both inspiration 
and expiration ; it is usually louder during expiration, rarely 
louder daring inspiration. 

The pathological bronchial respiratory murmur is, in well- 
marked cases, very similar in character to the laryngeal sound, 
that is, it has almost the same pitch and timbre, so far as it 
can be said to possess these properties of n true musical tono ; 
but in the majority of cases it resembles more nearly the 
bruit heard at the bifurcation of the trachea, which is softer 
and weaker than the laryngeal sound, and which, therefore, has 
a better claim to the attention and study of beginners, to whom 
ihe correct appreciation of the qualities of bronchial breathing 
always presents considerable difficulty, as the type of bronchial 
respiration. — It frequently happens that the bronchial character 
of the sound is not so pronounced as usual, and in such circum- 
stances it is easily mistaken for harsh and prolonged expiration : 
no sure guide can be given for the accurate discrimination of 
these phenomena, except the already-mentioned aspirate quality 
of ** h " or the gnttural quality of " ch " in the bronchial sound. 
Practice and experience can alone confer the power of forming a 
certain diagnosis when the sounds are badly defined, or when the 
bruit is of the indeterminate class, on the border-land between 
bronchial and vesicular renpiration. These indistinct respiratory 
murmurs are designated as " somewhat bronchial ", " obscurely 
bronchial", or " approximately bronchial " sounds. 

In bronchial respiration of pathological origin two qualities 
are distinguishable, — it may be harsh or soft, high-pitched or 
low-pilched. It becomes rough when the tracheal or bronchial 
mucous membrane is swollen, and the lumen of the bronchi in 
that way diminished. Similarly the bronchial murmur may take 
on an excessively harsh character, audible even at some distance 
firom the patient, when the upper part of the wind-pipe is com- 
pressed by glandular tumours or reduced in calibre from other 
causes, — croup in children, diphtheritis of the larynx and 
trachea, &c. It is particularly in these cases that the tracheal 
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brait is conducted to any great distance do\vnward8 into tbe 
bronchi, when in the whole of the upper part of the thorax the 
vesicular murmur may be accompanied by tbe sound generated 
in the trachea. — The circumstances which give rise to variation in 
the pitch are less clearly understood ; these differences, however, 
have no diagnostic importance, as in the same patient there are 
often rapid alternations of high-pitched with low-pitched bronchial 
breathing without any change in the other physical signs of the 
disease. — The intatsittf of bronchial respiration is also very 
variable ; the soaud is sometimes almost as loud as at the level 
of the larynx or trachea, at other times it is very feeble, as if it 
proceeded from some distant part. These differences are due, 
apart from the energy with which respiration is carried on, more 
particularly to the nature of the morbid process in which the 
bronchial breathing has its origin, and to certain other factors 
still to be discussed. 

The Conditions which gitb eisb to Bronchial Respibation. 

Bronchial respiration occurs in cases ot pulmonary cavity and of 
condensation of the huig-dsiiuf, under the following conditions : — 

1. In pulmonary caicrnSf when these arc situated superfi- 
cially, surrounded by rigid and dense walls, and at least so large 
as to involve one of the larger bronchi, the air of which freely 
communicates ■with that of tbe cavity on the one hand and with 
that of the trachea on the other. In the abs«jnce of any of these 
conditions bronchial respiration ceases, or loses its distinctive 
character : thus, if the excavation be deep-seated, covered over 
by normal air-containing lung- substance, the bronchial quality 
of the respiration in the cavity is lost in the vesicular sound 
coming from tbe expansible tissue ; even if the vomica be near 
the surface, but invested by healthy lung, the waves of sound of 
bronchial quality from the former are scattered and broken up by 
the adjoining lung-substance, which is of feeble conducting power. 
Further, if the cavern be too small to be in free communication 
with a bronchus of moderately large calibre, the souoroiis undula- 
tions are propagated from the larynx so feebly as to be inaudible. 
And finally, should the bronchus leading to the cavity be oc- 
cluded by mucus the production of the bronchial sound is 
obviously rendered impossible, as the respiratory current cannot 
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penetrate beyond tlie obstruclion ; but as soon as free intereom- 
municatioD is re-established bj coughing and expectoration, the 
bronchial bruit reappcurH. Its iutenBity, in casee of pulmonary 
excavation, depends, other things being equal, on the size of the 
cavity, on the diameter of the brouchuB opening into it, and on 
the energy of the act of respiration. 

2. Bronchial respiration is observed in partial or complete 
condensation of the lungs, whether the result of compreBsion or 
infiltration of the air-cells- 

The highest degree of infiltration takes place in pneumonic 
hepatization ; here, therefore, bronchial respiration is louder 
than in cases of less complete consolidation from other causes. 
That the hepatized portion of long raay present a sound of 
bronchial quality it must fulfil the same physical conditiouB 
that have been already described as necessary in the case of 
pulmonary cavities. The larger the part hepatized, and the 
greater, therefore, the number of bronchi raraifj-ing in it, the 
louder the bronchial sound. As pneumonia attacks most fre- 
quently the lower lobes bronchial respiration is most common in 
the posterior lower regions of the chest ; and when the whole of 
the lower lobe is affected the bruit is audible from the base of 
the lung up to the middle of the shoulder-blade. — The bronchial 
respiratory murmur in pneumonia disappears at the beginning of 
the stage of resolution, when the air again gains access to the 
alveoH. 

In cases of condensation of the Imigs from other causes, such 
as caseous degeneration, chronic interstitial pneumonia with 
consecutive dilatation of the bronchi, &.C., the parts so aflected 
frequently have isolated patches of healthy tissue scattered in 
their interior ; bronchial respiration in these circumstances is 
much less iutenau than in the hepatization of pneumonia. 
More often bronchial respiration is obscured by the presence of 
rales originating in the air-passages ; after coughing, however, 
especially if it result iu free expeck)ration, the bronchial cha- 
racter of the respiratory sound comes out more distinctly. But 
if the portions of spongj- texture, enclosed within the indurated 
tissue in the above instances, be relatively of largo size the 
respiratory murmur may be almost perfectly vesicular. In all 
varieties of condensation of the lungs, from whatever cause 
arising, the same conditions are necessary to the production of 
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bronchial reepiration as in pneumonic hepatization, which simply 
serves aa the type of the most complete solidification. 

Bronchial respiration may also be observed in all those con- 
ditions in which the lnn(j is rendered void of air by compression. 
The most marked degree of pulmonary collapse takes place from 
pleuritic exudation, that from pneumothorax being scarcely less 
complete ; more partial collapse h caused by copious pericardial 
effusion, large aneurisms of the aorta, excessive hypertrophy of 
the heart, morbid growths within the pleural sac, and tumours 
of the abdominal organs, which push the diaphragm upwards. 
Nevertheless, bronchial respiration occurs in but a small propor- 
tion of the easea of pleuritic eflusion, and only when the fluid 
IB moderately abundant, that is, when the air-cells and finer air- 
tubes, not the larger bronchi, are pressed upon ; etnall effusions 
occasion no bronchial respiratory murmur, as they do not usually 
exorcise sufficient pressure to drive all the air from the lungs, 
but produce only retraction of these organs, reducing somewhat 
the quantity of air they contain. The weight of a great mass of 
fluid in tho pleura, on the other hand, tends to obliterate also 
the larger bronchi, and so to hinder the free transmission of the 
waves of sound from tho larynx downwards into the lungs. 
Further, on the front of the chest, in cases of pleuritic exudation, 
bronchial respiration is never heard, as the fluid comes between 
the lung and the anterior v^all of the thorax, and to a great 
extent absorbs or suppresses the respiratoi^ murmur. But 
posteriorly, where the shrunken and dense lung is in close 
contact with the chest-wall, the bronchial sound transmitted 
from the trachea i» heard in considerable intensity. — It is a much 
rarer event to find the lung compressed to such a degree as to 
favour the production of bronchial respiration, from the presence 
of air in the pleural cavity than from pleuritic effusion ,* in such 
cases there ia generally no respiratory murmur, or only one of 
indeterminate character, which is sometimes accompanied by a 
metallic echo (see *' amphoric respiratory murmur," p. 139). 

The other morbid changes above enumerated, giving rise to 
compression of the lungs, verj^ seldom induce a state of complete 
collapse in th£ parts concerned, so thai the respiratory soond 
does not commonly, from these causes, assume the unmistakeably 
bronchial quality. 
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Phtsical Cause of Pathological BRo^'CHIAL Respikatios. 



The bronchial respiratory murmur heard in disease is nothing 
more than the laryngeal sound, carried with scarcely diminiaheJ. 
intensity through consolidated lung-tisaue. This was the expla- 
nation adopted by Lrennec, though in certain details his viewg 
moBt be held as erroneous, Hia theory is to the following 
effect : — in normal conditions the bronchial sound is so blended 
with the vesicular sound as to bo inaudible as an indc-]>fudeut 
phenomenon ; but if the pulmonary tissue become consohdated, 
and the vesicular respiratory murmur in that way abolished, 
the bronchial bruit is heard, not merely iu its original intensity, 
but more strongly, as the dense, airless lu7ig -substance is a better 
conductor nf sound. 

This explanation is inaccurate in only one point. The occur- 
rence of bronchial respiration is not dependent merely on the 
disappearance of the vesicular murmur, for if that were the case 
respiration should be distinctly bronchial in severe pulmonary 
emphysema, in which every trace of the vesicular sound ia lost. 
But the second part of Laannec's proposition — that consolidated 
lung-tissue is a good conductor of sound, and that thereby the 
bronchial bruit is rendered audible, — must be accepted as well- 
founded, notwithstanding the objections urged against it by 
Skoda (see p. 136). 

It is a matter of daily observation that the cardiac and vascular 
sounds are conveyed to the thoracic parietes in a much more 
intense form through indurated than through expansible lung ; 
when condensation takes place in the left apex tho sounds 
from the pulmonary artery, %vhen in tho right those from the 
Bubclavian, are heard with great distinctness. Similarly, marked 
increase in the size of the liver, or the presence of morbid 
growths in its immediate neighbourhood, magnifies the sound of 
the abdominal aorta. The reason that dense pulmonary tissue 
forms a better conductor of sound than that which is normal and 
expansible, ia that the structure of the former is homogeneous, 
whilst that of the latter is not, the air contained in the alveoli 
alternating with the bauds of tissue constituting the parenchyma 
of the organ ; and when a sound is made to traverse media 
differing in consistence it is weakened and finally suppressed. 
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These obserTatlons show that it is necessary to modify Laenoec's 
theory, and BomewLat in the following manner. In health bronchial 
respiration is heard only at the larynx and over the trachea and its 
bifnrcatioQ, which ties close to the chest-wall ; bat from tlie point 
at which the bronchi enter the lung bronchiul respiration disappears, 
as, though sonnds of bronchial quality are undoubtedly transmitted 
to the larger, perhaps also to the medium-sized air-tubes, they 
never reach the surface, being arrested in their course by the pul- 
monary tiRsuo, whicb,^ being noQ-homogeneous, is a bad conductor. 
But should the lung become consolidated, and thereby acquire the 
property of conducting sound clearly, the bronchial murmur is conveyed 
with undiminished intensity to the thoracic parietes, provided that the 
portion of lung afifected is of sufficient size to includo a large bronchus, 
in which tracheal refipiration is audible. 

Skuda has sought to overthrow Lfennec's teaching, which ascribes 
bronchial respiration to the superior condacUng-power of a condensed 
lung. His objections are based on a long series of experiments, the 
general tenour of which led him to the opposite conclusion, — that as a 
conductor of sound expaneible, air-containing lung- substance far 
excels consolidated tissue. One of the simplest of these experiments 
may be here mentioned : two lungs, one normal, the other hepatized, 
are removed from the thorax and examined by applying a stethoscope 
to its surface ; into this instrument one experimenter speaks, while 
another auscultates the voice tlirough another stethoscope. As the 
result of this comparative investigation it was found that the sound was 
heard over a £omewhat more extensive area in the healthy than in the 
hepatized lung. 

Choynowski obtained very different results. In his experiments ho 
eliminated one likely source of error, — the varying intensity of the 
human voice, and substituted for it the constant sound given by an 
ordinary watch ; this was, further, held as far as possible from the 
auscultating ear and surrounded by substances of low conducting power, 
to exclude the posKihiliLy of the transmission of the ticking sound 
through the air. The result was that the sound was carried witli 
ffrt'aUr mte^ixity through htpittiziil than through normuli lung. — Bondet 
and Chauveau, also, having introduced a cannula into the trachea of a 
horse suffering from pneumonia, and whispered into the iostrument, 
heard the voice clearly over the hepatized lung, but not over the 
healthy lung. 

Skoda asserts further that to the production of a bronchial respira- 
tory murmur as loud as that which is usually audible over hepatized 
tissue a strong current of air is necessarA- ; such a current, however, 
can scarcely exist in the hepatized lung, as it neitljor expands in in- 
spiration nor contracts in expiration, its volume remaining unchanged 
throughout the whole of the act of respiration. In opposition to this 
Chovniiwski justly observes that the air in the bronchi i» in motion, 
even when the alveoli are completely infiltrated ; its density varies in 
respiration, becoming le-ss in inspiration and greater in expiration, 
provided that it is in free communication with tlie column of air in the 
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Bat when the air contained in two commanica-ting cavities 
is subjected to unequal pressure, a current is at once set up from the 
chamber in which the deusit; in greatest to that iu which it is least ; 
and this takes place in the lung during each new inspiration. The 
probability of the existence of each a current is alao rendered more 
evident by the fact that in a completely consolidated Imig very minute 
riUea are frequently heard, which obviously can originate only in the 
finest ramifications of the bronchi, 

Skoda eombttta Lrennec's views on the further ground that in hepa- 
tized tissue bronchial respiration is instantaneously abolished when the 
bronchus is closed by a plug of mucus, and returns equally quickly 
when the obstructing body is eipelled and free communication re- 
established. If condensed tissue, argncs Skoda, were a better con- 
ductor of sound than normal lung, it shoald make no difl'erence whether 
th« bronchi of the portion of lung concerned bo pervious or impervious. 
— But conduction has nothing to do with this phenomenon, as the dis- 
appearance of tlio respiratory murmur on occlusion of tbe bronchus is 
caused simply by the inability of the waves of sound to penetrate 
the hepatized tissue on account of the opposition offered by the ob- 
struction. 

Id the same way may be refuted Skoda's objection, that if dense 
bodies are really the best conductors of sound the respiratory murmur 
and voice shoiUd be louder, not weaker, in cases of pleuritic exudation. 
It is the fact that very frequently bronchial respiration is heard 
in the interscapular space, close to the vertebral column, whore the 
compressed and airless Juug is closely applied to the thoracic wall ; but 
on the front of the chest no respiratory sound is perceptible, as the 
lung is separated from it by the mass of fluid exudation ; the sonorous 
vibrations, therefore, iu their passage through non-homogeneous media, 
lung and fluid, are so considerably enfeebled as to be no longer audible 
on reaching the surface or the auscultating ear, 

Skoda has endeavoured to define bronchial respiration as a phfnn- 
tiinum of' conmntince. 

The basis of this consonance-theory, which will be described in 
detail on another page (see " Bronchophony "), is that bronchial 
respiration is generated or magnided in caverns and in tbe bronchi of 
condensed lung substance by tbe air in tliese cavities and bronchi 
vibrating in consonance wiih that of the trachea ; the condition neces- 
sary for tliis consonance is provided in the circumstance that the air 
is pent up in confined spaces, whose notid walls (the indurated paren- 
chyma surrounding the bronchi) reflect the sonorous undulations. 

This theory is capable of but a very limited application, having a 
bearing only on those cases in which tho bronchial respiration is of 
metallic character, or is accompanied by an amphoric echo (in caverns 
I'Of large dimensions) or by rtiles of metallic timbre. But here it h not 
iIJm bronchial rmpiratiim, hut the meUtilii' (tiMjiitoiic) ifualittf which is 
Added to it and to the rales, that constitutes the con.icmfince'if/iejiojttawn. 
— Skoda bases his theory ahuost exclusively on tho ground that in it may 
be found the explanation of his observation that bronchial respiration 
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is sometimog louder over the thorax thaa over the trachea. Saeb 
cases have never yet come under my obsen-atioQ ; at best they most 
be exceediiigly rare. 



The METAMORPHOsrNo Respiratobt Mdrmub. 
(Das Metamorpbosirende AthmnngsgeraiiBch.) 

This is a special modification of bronchial respiration. It has, accord- 
ing to Seitz, who was the first to describe it, the following charaeters : 
it occurs only in inxpiratwti : at the outget it '\& distingulBhed by an 
unusual harshness, which is qnito different from that of harsh vesicular 
breathbg, and which may be imitated by placing the tongue against 
the palate, as in pronouncing the letter g (hard), and making a forcible 
inspiration ; the sound so obtuiucd is that which is bo often observed 
in Klerums of the bronchi, as in the diffuse bronchial catarrh associated 
with emphj-sema of old standing. This harshness lasts only about 
one-third of the inspiratory period, when it suddenly ceases, and gives 
place, during the rest of the inspiration, to bronchial breathing 
accompanied by a metallic echo, or to ordinary niles. 

Seitz has met with this variety of respiration only in cases of cavity 
in the lungs (most often in the upper lobes), and has accordingly 
classed it as a cavernous phenomenon. — The harsh sound with which 
metamorphosing respiration begins manifestly bas for its physical 
cause the fact that the aur, in entering the cavern, paeses through an 
opening which in relation to the size of the cavity may be regarded as 
narrow, and which is often further diminished in diameter by mucous 
secretions ; it is lost at the instant in which powerful inspiration effects 
the dilatation of the orifice, and in its place we have either bronchial 
respiration or rales caused by diBtarbance of the fluid lying in the cavity. 

The metamorphosing respiratory murmur is usually heard only when 
respiration is vigorously carried on, seldom when it is tranquil and 
easy ; its peculiar characters, also, are not always so pronounced as 
above described. It cannot even be considered a constant symptom 
of pulmonary cavity ; it comes and goes, and varies to some extent, 
like the bronchial respiratory sound, ordinary rales, &c. But when it 
has once been clearly made out in any individual case,' repeated 
and prolonged examination rarely fails to reveal its presence on 
subsequent occasions. 

The fuDy- developed form of this murmur, as defined by Seitz, is 
rare ; much more fi'equently there is, in excavation of the upper lobes, 
a respiratory murmur which resembles it thus far, — that it begins with 
a short, harsh, hissing »oand, followed by rules and indeterminate 
respiration. If the simple fact that the inspiratory act consists of two 
sounds be held as suthcient warrant for designatiDg it as a metamor- 
phosing respiratory murmur, the relative frequency of the occurrence 
of this phenomenon is greatly increased. 
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To the category of bronchial respiratory sounds belongs 

The .^JiirHORic Eespiratory Murmur, 

(The respiratory soand with a metallic tone or echo.) 

By this name is understood a bronchial, rarely an indeter- 
minate, respiratory murmur, accompanied by a tone of metallic 
qaality or to wliich is added a metallic echo. It owes the appel- 
lation amphoric to the perfect analogj' it preaents to the 
sound produced by blowing into a pitcher or btittle. — This 
murmur occurs sometimes in inspiration alone, sometimes in ex- 
piration, at other times in both, but is almost always loudest and 
most distinct when accompanying expiration. Its fundamental 
character, as already mentioned, is generally that of the bronchial 
sound, the physical conditions which give to it its amphoric 
quality being precisely those which are most favourable to the 
development of bronchial respiration. It is only in very excep- 
tional cases {see p. 141) that the bidett'rminate respiratory 
murmur is found attended by the amphoric echo. 
^m The amphoric respiratory sound arises, as the production of 
^^an analogous sound by blowing into a pitcher teaches, only in 
large pitlmimari/ cavities and in cases of accumulation of air in 
the pleural sac (pneumothyrax] . Its occmrence is subject to the 

§ following conditions : — 
1. The excavation in the lung must be at least of the size of 
the closed hst, enclosed by walls of uniform density and thickness 
throughout, in free communication with one of the larger bronchi, 
and situated close to the surface of the lung. The first condition 
is a necessary one, as it is only in cavities of some considerable 
magnitude, possessing walla of uniform density, that the sonorous 
waves generated by the respiratory current of air can bo reflected 
with that degree of regularity which is required for the formation 
of a really musical tone. Since, however, the amphoric quality 
is frequently wanting, even in cases in which the foregoing con- 
ditions are present, the explanation of the causation of the 
amphoric echo is incomplete without the addition of another 
factor, namely, consonance. The air-space of the cavern forms 
a resonance-chamber, in which the breath- sounds are intensified 
and, through the regular reflection of the waves of sound, so 
modified as to acquire a tone of distinctly musical quality. 
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The second condition, — free communication between the Toniica 
and the bronchus leading to it, requires little argument in its 
support, as it is obvious that if the bronchus be blocked up the 
respirator}' sound must disappear or become confused and indis- 
tinct ; it returns, however, after repeated and forcible coughing, 
particularly when this is accompanied by expectoration. — The 
third condition, — the proximity of the cavity to the surface of 
the lung, is rarely absent when the vomicse are of large size. 

The clearness of the amphoric respiratory murmur is in no 
way influenced by the presence of a certain amount of fluid, as 
well as air, in the cavity. This may be shown by blowing, first 
into an empty pitcher, and then into one nearly full of water. It 
is essential only that the vomica do not contain so much fluid that 
the volume of the latter greatly exceeds that of the air-contents, 
as in such circumstances the respiratory murmur is usually com- 
pletely hidden by abundant moist rales, and, more particularly, 
the existence of comonancCf on which, to a great extent, depends 
the amphoric character of the breath -sounds, is rendered im- 
possible. 

As the great majority of pulmonary vomicBB occur in the vpper 
lobes, so it is chiefly at the corresponding parts of the thorax that 
amphoric respiration is heard ; it is loudest anteriorly, owing to 
the greater facilities offered by the front wall of the chest for 
the conduction of sound. In cases in which the cavities were 
very large I have observed it also on the posterior surface of 
the chest. 

The metallic echo is always clear and acute, and ils musical cha- 
racter often BO marked that its pitch is accurately and easily deter- 
minable. Frequently several toQee, the harmonic over-tones of the 
fundamental tone, are recognisable in it, and the impression then con- 
veyed to the ear is precisely Ihut given by the sweeping of the wind 
over the strings of an j-EoIinn harp. — The amphoric echo may be the 
sole abnormal quality distinguishable in the respiratory sound, when 
there happeca to be little or no Buid in the cavity, or when the patient 
breathes so feebly that the fluid is not agitated by the breath-current ; 
but in the greater number of inntances the amphoric respiratory 
mnrmar is at-companied bv rales having a ringing metallic character 
(iiittallir tinklviiff, see p. 156), 

At those parts where the respiratory murmur is amphoric the per- 
euBBion-BOund is also fre(|uently modified in a similar way. 

2. Amphoric respiration is also met with in pneumothorax, but 



only when the lung is atill able to expand so far as to permit the 
entrance of a certain quantity of air. This is possible only when 
the pulmonary fistula, through which the air reached the pleural 
sac, closes again relatively quickly ; this rapid closure takes 
place in most cases, while persistence of the fistula, that is, the 
establishment of free communication between the air in the 
pleura and that in the bronchi and trachea, is the rarer event. 
If the bronchial fistula be obliterated, and if the lung be not 
completely collapsed, but still capable of a certain amount of ex- 
pansion, a breath- sound may be heard at those points (usually 
posteriorly) which correspond to tho position of the permeable 
portion of lung ; this respii-atory murmur is most commonly of 
the indetermitialc variety, more seldom bronchial, and attended 
by a metallic clang or echo. 

Here the explanation of the occurrence of amphoric respiration 
is that the sonorous waves borne along by the air entering the 
lung, — those constituting the ordinary respiratory murmur, are 
transmitted through the pulmonary substance to the air confined 
in the pleural cavity, throwing it into simultaneous vibration. 

In certain rare cases, in which dyspnoea is the most promineDt 
symptom, amphoric respiration is sometimes developed altogether 
independently of the existence of cavities. It arises in the pharynx, 
on making a deep inspiration with the month widely open, and may 
be conducted to the sarfaco with such intensity as to be audible over 
the greater part of the upper thoracic region, more especially in the 
interscapular area. This variety of amphoric respiration ia sometimes 
at once abolished by closing tho mouth. — Friedreich asserts that in 
some very aged persons an amphoric respiratory murmur may be 
heard between the shoulder-blades, unconnected with any dyspncca ; I 
have never seen snch a case. 



iNDETERMraATE RESPIRATORy MURMUR. 



I A large number of respiratory murmurs have not tho cha- 
xacters of either vesicular or bronchial breathiug ; these, on 
Skoda's suggestion, are named indeterminate respiratory sounds. 
Strictly speaking, however, this category includes also all those 
transition-murmurs which, though somewhat undefined, are 
more or lees distinctly bronchial or vesicular ; these are desig- 
nated, as formerly stated, as " somewhat vesicular," "obscurely 
vesicular," "obscurely bronchial," &c., the term indeterminate 
being reserved for those in which no trace of either fundamental 
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quality ia appreciable. The more practised the ear in the 
(I is crimination of the less-marked sbadeH of difference between 
bronchial and vesicular respiration the more limited becomes the 
domain of the indeterminate respiratory murmur. It is those 
transition-murmurs which seem to present most diflSculty to 
learners, the tridj/ ijiA7<irjH jh<i ft- sounds being aa easily recognised 
as the pureh' bronchial or purely vesicular sounds. 

As the indeterminate respiratory murmur resembles no other 
known sound it scarcely admits of description ; a knowledge of 
its properties, therefore, is obtainable only by personal inA'estiga- 
tion and practice. A general conception of its qualities may be 
arrived at by auscultating the chest of a robust man, directing 
him at the same time to breathe exceedingly swperJiciaUy , when 
the respiratory sound heard at those parts in which the muscles 
are well developed (the supra- and infra-spinoas regions, for 
instance), will be found to bo no longer vesicular but of the 
indderminate class. The cause of this lies in the fact that in 
shallow inspiration the aerial current enters the alveoli with so 
little force or energy that the respiratory sound, in its transmission 
through the thick covering of muscles about the shoulder, is wholly 
deprived of its vesicular character ; but on daep inspiration the 
indeterminate murmur becomes clearly vesicolar. The gradual 
transition from vesicular to indeterminate breathing may be 
demonstrated by slowly increasing or decreasing the depth of 
each inspiration. An equally good method of exercising the e^r in 
the study of the transition sounds is to auscultate the respiratory 
murmur at a point some distance removed from the part at which 
it originates, — as by passing the stethoscope slowly downwards 
from the borders of the lung into the hepatic region ; the nearer 
the instrument is brought to the margin of the ribs the more 
obscure, the more indeterminate, becomes the respiratory sound. 

As a pathological phenomenon the indeterminate respiratory 
murmur is of very frequent occurrence ; it is sometimes persis- 
tent, at other times of short duration, confined to a limited area 
or diffused over a considerable extent of surface. — The causes 
giving rise to it may be arranged in the following groups : — 

1. IntuffiHent txpatmon of the alveoli. This may be the 
result of diminution of their elasticity, as is so often observed in 
vesicular onqiliy.si ma ; or of iutiltration of the air-cells (with 
fluid or pIftHtio oxudationl, or of compression or atrophy of the 
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lung. In all these cases the volame of air which gains access 
to the alveoli is so small that the vesicnlar luurmnr is not deve- 
loped, — in shallow respiration at all events. The intensity of the 
indeterminate sound ia still further lessened when it traverses a 
mass of fluid, such as abundant pleuritic exudation. Effusions 
into the pleura are the most common conditions which are found 
to obstruct the free transmission of the breath-sounds ; com- 
pression of the lung also, by air or tumours in the pleural sac, 
acts in the same way. 

2. Obstnu-tion of one of the larger, or of several of the smaller, 
ronchi of an injiltratcd portion of litruf, by the presence of super' 

abundant mucous secretion. In such cases, as only a verj- small 
quantity of air reaches the vesicles, the respiratory murmur is 
indeterminate. This occurs extremely frequently as the result of 
the bronchial catarrh which accompanies infiltration of the lung- 
tissue. If the mucus be expelled by coughing, or shifted from 
one part of the air -passages to another, the bronchi of the part 
affected again become pervious, the indeterminate quality dis- 
appears from the respiration, and breathing becomes vesicular or 
bronchial according as the lung substance is still capable of 
expansion or is completely consohdated. 

3. All respiratory uiHrmura become indHerminute when masked 
by loud accessory sounds {rales} ; hence the frequency of indeter- 
minate respiration in all cases in which the bronchi, alveoli, or 
pulmonary excavations are occupied by fluid secretion, the agita- 
tion of which by the breath -current gives rise to numerous rdles. 
According to the distribution of the latter the indeterminate 
murmur is strictly circumscribed or widely diffused. Free 
expectoration also, or vigorous coughing, may so far alter or 
diminish the intensity of the rales that the true respiratory sound 
becozncB again audible^ this being vesicular if the long still 
possess its normal spongy structure, bronchial if it be totally 
devoid of air. But in other cases, notwithstanding the diminution 
in the intensity and number of the rules, the indeterminate 
character of the breath-sound remains. In many instances a deep 
inspiration on the part of the patient causes the indeterminate 
respiratory murmur, on whatever condition it depends in the 
particular case, to become vesicular or bronchial, — vesicular, for 
example, in pulmonary emphysema, or bronchial in infiltration 
of the parenchyma ; it is only in cases of rery copious pleuritic 
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exudation that deep inspiration does not cause it to take on tLe 
vesicular character. 

It is often possible to determine, and that with a considerable 
degree of certainty, to which of the above-named causes the 
indeterminate reapiratorj' murmur owes its origin. They may all 
bo in operation together : thus, in an infiltrated lung, the bronchi 
of which are also in a state of intense catarrhal inflammation, 
it is due to the slight amount of expansion of which the 
consolidated part is capable, to diminution in the quantity of air 
which reaches it (from tumefaction of the bronchial mucous 
membrane), and to the masking of the respiratory sounds by 
moist, catarrhal rtdes. In other instances, as in severe pulmonary 
emphysema without catarrh of the bronchi, or in cases of 
complete atelectasis of the lung-substance from the presence of a 
large pleuritic effusion, but one cause can be alleged for the 
indeterminate character of the breathing, — the insufficient expan- 
sion of the alveoU.^From these examples it may, with justice, be 
inferred that the indeterminate respiratory murmur possesses in 
general no precise diagnostic signification. Whilst the vesicnlar 
murmur or bronchial breathing at once discloses the condition of 
the subjacent lung, the former showing that it is still permeable, 
the latter that it is consolidated, indeterminate respiration altjiie 
gives no information of this kind, as even where it is heard the 
lung may or may not contain air ; it is only on taking into account 
the other auscultatory phenomena that it may, in certain cases, 
bo traced back with confidence to its physical cause. But occn- 
sionally, even when occiurring alone, it may, if strictly localised, 
be sufficient to warrant a diagnostic conclusion. Thus, if it be 
audiV»h' and persistent in one apex, whilst in the other respiration 
has its ordinary vesicular character, it points decidedly to incipient 
- condensation, to diminished expansibiUty from commencing 

disease in the part. Nevertheless, such instances (the occurrence 
of iudoterminate respiration without accessory sounds) are rare, 
as the morbid process beginning in the apex usually excites also 
a catarrh of the finest air-tubules, giving rise to small, fine rules. 
Sometimes, however, an unaccompanied indefinite respiratory 
murmur may l>e observed in one apex when the disease has been 
anrested and to a oortain extent cured, some condensation only 
romaining; here tho catarrh has disappeared, and the xUes, 
aooordingly, are wanting. 
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Rales. 

When the organs of respiration are perfectly normal the 
unixed vesicular inspiratory and indeterminate expiratory 
murmurs are the only breath-sounds heard over the whole thorax ; 
r^es are entirely absent, as the mucous lining of the air-paasages 
is ever^'wherc smooth and secretes no more fluid than is just 
necessary to keep it moist. But aa soon iia this membrane 
becomes rough and uneven through evk'elling, and an augmented 
secretion of fluid takes place at any part of the bronchial ramifi- 
cations, certain accessory sounds, named rdks, are added to the 
reepiratory murmur. 

■ The manner in which these rales are produced in the larger 
and smaller bronchi, in their most minute fiubdivisions, and in 
the air-cells, varies very considerably. In bronchi of large 
calibre and in pulmonary vomicsB the passage of the respiratory 
current of air (both in inspiration and in expiration) through the 
fluid products, causes the formation of numerous bubbles which 
burst with an explosive, crackling sound, — like those rising in 
soapy water or other frothing or fermenting fluids, or in liquids 
which are forcibly shaken.* The disturbance of the fluid 
secretions also, by the breath -current, (which can obviously take 
place only within very narrow limits), may give rise to riles 
without the throwing up of bubbles, as in a body of fluid roughly 
shaken ; and finally similar crackling sounds sometimes originate 
in bronchi in which no fluid is present, from vibration of the 
folds of the swollen mucous membrane. But in the bronchioles 
and in the air-cells the force of respiration is so slight as to bo 
insufTicient for the raising of bubbles in the secretions, and 
the alveoli, further, scarcely afford room enough ; doubtless the 
r4les here owe their existence to the circumstance that at the 
instant in which the smallest air-tubes and the air-vesicles are 
dilated in inspiration their walls are suddenly separated from 
their fluid contents to permit the passage of the current of air. 

• Talma has recently aeaerted, as the result of a nnmber of physical researchea 
condacLed by him, that the bunting of babbles ifl of itself noiseless, and that rdlea 
depend on the agitation of the fluid and the formation of a multitnde of little projec- 
tions on its surface ; these little tooguea vibrate and awoke secondary vibratiooij iii the 
mass of air pent np in the tnbes irhidi contain the fluid (in the case of the ]\mg — the 
bronchi and cavities). 

L 
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In expiration, on the other hand, when the vesicles shrink again 
to their former dimensions, the aboye-named cause is not in 
operation, and in fact rales are somewhat rare in this phase of 
respiration ; but in those cases in which they are heard their 
occurrence may be explained on the supposition that the viscid, 
tenacious exudations offer considerable resistance at parts to the 
expiratory' air^current, which, nevertheless, forces its way through 
them, and BO breaks them up and agitates them again. 

That the rales developed in tho bronchioles and air-cells containing 
fluid secretions do not depend on the formation and bursting of bub- 
bles, but on the rapid aad violent separation of the agglatioated walls 
of these finer air-passages from each other, may be inferred from 
certain physical analogies and some pbysiotogical and pathological 
observatious still to be mentioned ; thus, a very similar sound is 
obtained by pulling asunder two fingers previously gummed together 
by their palmar surfaces, by applying the tongue to, and suddenly 
detaching it from, the roof of the mouth, or by inflating the collapsed 
lungs in the dead body ( Wintrich), the walls of the alveoli being in con- 
tact after death. From the last of these examples, the soaod generated 
in which bears a very close resemblance to a ride often beard in the 
living subject (the crepitant ride, to be sabsequently described), an 
important diagnostic inference may be drawn : thut the ruh'-t (iriijinatlfui 
in the air-cells ami in the finest air-tuifs ilo not necessarily dept'ml on thf 
prnence of Jiuid xerretioiw in these parts, but that they intti/ sometimes 
arts* from tlu audtlfn separation of the coheriwj walls oj the alveoli, quite 
indepmtUtUli/ of the tjcintcnee of any trace of exudation. 

Rftles are classified as moigt and dry according to their char- 
acter, that is, according to the impression they convey to the 
ear. The difference results from the varying consistence of the 
bronchial secretions, the former variety being produced when it 
is Odti and watery, the latter when it is thick and tenacions. 

Moist rdlcs most usually resemble the sounds caused bj the 
breaking of bubbles in a fluid, such as the bursting of soap- 
bubbles in water, or of the babbles which come to the surface of 
water beginning to boil ; other, finer riles are more comparable 
to the sound elicited by rubbing the hair between the fingers, or 
to the crepitation of salt thrown on the hot-plate of a stove. 
But nUcs are subject to so much modification, and vary so 
cousidorably iu character even in one and the same C4ise, thut to 
desoj-ibe thou fully by the common sounds of ordinary life is 
scariv'ly pnicticablc. those latter being too few in number and 
not permitting of an accurate enough definition of the acoustic 
phenomena observed. 
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It is veiy seldom possible to determine, from the nature of the 
rales, the constitution of the fluid in which they are generated, 
that is, to affirm with precision whether it is serous, mucoas, 
purulent, or saaj^uineoua ; such inferences are dedueihle onlj 
from a general knowledge of the character of the local morbid 
process. — But the seat of the rales, on the other hand, whether 
in the largest, medium-sized, or smallest bronchi, or in pul- 
monary cavities, may usually be ascertained with the greatest 
exactness, by a conaideration of the various qualities of the rale, 
now to be described in detail. 



r 



1. Stage op Respiration in which tee Bales occur. 

Rales are audible sometimes in inspiration alone, more rarely 
in expiration alone, or during both inspiration and cxpiration. 
They usually appear at the acme of inspiration and at the begin- 
ning of expiration, when the fluid in which they originate is 
lodged in the finer bronchi. But if the secretion be so abundant 
as to occupy the larger as well as the smaller air-tubes, and if 
respiration be carried on with sufficient energy, the rfiles are 
heard not merely during the whole of the inspiratory period but 
also — though necessarily considerably enfeebled by the resistance 
offered to the escape of the expired air — throughout expiration ; 
the rattling sound is then, in fact, almost continuotta. The best 
example of this condition is found in diffuse bronchitis, though 
even here the rale is only temporarily, and not at every exami- 
nation, continuous. Violent coughing, accompanied by expec- 
toration of mucus, deprives it of its continuous character for a 
longer or shorter period. 

Sometimes riiles occur even in the rixpiratont pftii'it\ These are 
described as poxUxpimtnrif rdlen by Baas, their poculiarity being that 
they follow, or prolong, the expiratory rales, whilst the chest- walls 
are in a state of ab&olato reposo. — I have not nnfroqueutly observed 
this postexpiratory rale, in cases of large pnlmonary vomica; contain- 
ing much fluid, and am of opinion that its production may be most 
consistently explained on the assumption that the commotioa set up in 
the contents of the cavity by the respiratory air-current does not at 
once subside, but goes on for a short time in certain email portions of 
the fluid. It caa be shown by a simple experimetit, — Wiitcbing the 
bobbles that form on the surface of sonpy water shaken up in a vessel, 
— that the bursting of babbles in a flnid does not begin and end pre- 
cisely with the act of agitation, but continues after the vessel is at 

l2 
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reat. — I have not noticed the poatexpiratory rale in any other condi- 
tions than those moQtioned, — large pulmonary cavities. 

2. Amount of the Rales. 

R&,Ie8 may be abundant or scantif. Their abundance depends 
ou the quantity of fluid in the bronchi, air-celis, or cavities, on 
the proximity of the affected part of the lung to the surface, (by 
which the explosion of every individual bubble is transmitted 
more or leas accurately to the ear), and on the violence of the 
agitation of the aecretiona by the aerial current. Numerous 
rales, therefore, always indicate free communication between the 
disenfied part of the lung and the bronchi leading to it ; and 
if this be interrupted temporarily by the impaction of mucus 
in the air-passages, they are either abolished or become very 
scanty, even though the parts be loaded with fluid secretions. — 
Very abundant and persistent r^les are designated as flurffling, 
from their resemblance to the bursting of large bubbles in a 
viscid substance. These present themselves most frequently in 
pulmonary vomicse of considerablo size containing a larpe quantity 
of fluid, and occasionally also in the smaller bronchi ^. hen these 
are filled with catarrhal secretions. 

The less the amount of fluid the scantier become the r^les and 
the stronger the inspiratory eflbrt necessary to produce them. 
Occasionally they are so scanty that only a few bubbles form 
or burst during each inspiration, whilst during several consecutive 
respiratory acts absolutely none may be heard, or they may 
become appreciable only after prolonged coughing. A very 
scanty rale often disappears completely when the patient breathes 
deeply and strongly for some time, as when undergoing exami- 
nation by auscultation. An extremely scanty rile, consisting?, 
for instance, of but one or two isolated hubbies, appearing only 
after deep and forcible inspiration, is not necessarily dependent 
on the presence of fluid in the air-passages or alveoli, but may 
be caused by the rapid and violent separation of the adhering 
folds of the mucous membrane lining the bronchioles, or by the 
distension of collapsed alveoli. Perfectly healthy persona may 
thus, on making a sudden and deep inspiration, present a few 
scanty rales at various parts of the lungs, — ^iu the apices, the 
lower borders, and some other regions ; these, however, are lost 
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at the next inspiration. lu otlier respects they do not differ 
from the scanty rules which characterise the earhest stages of 
catarrh in the apices ; a kuowled^'e of the fact, therefore, that 
these sounds are sometimes produced in the above-mentioned 
way becomes of the ^eatest importaueo, as one is always tempted 
to refer the slightest trace of a rale in the summits of the lungs 
to commencing; catan-h. 



8. Intensity (Clearness, Loudness) of the Rales. 



^P K&les show very marked diScrences in intensity in different cases, 
and are verj* variable even in one and the same imJividual. Their 
intensity is the greater the more abundant the secretions, the 
more energetic the act of respiration, the wider the lumen of the 
bronchi within which the fluid is accumulated, and the closer the 
affected part of the lung to the thoracic parietes. — The more 
abundant the fluid the more numerous the bubbles formed by 
each draught of air and iho greater the total volume of sound 
produced, R&.Ies are similarly intensified also by energetic 
respiration, as by this means more bubbles, and those frequently 
of larger size, ore thrown up on the surface of the fluid. It is 
for this same reason, further, that r^les occurring in the principal 
bronchi are louder than those formed in the smaller air-passages. 
^^There are certain rales, however, — snch as those arising in the 
HSarynx, trachea, or bronchial trunks,— which, though they may 
be, and commonly are, so intense as to be audible even at some 
distance from the patient, (a phenomenon known as "a rattling 
on the chest" among the laity), yet do not necessarily indicate 
^Bhe presence of any very large quantity of fluid in those parts ; it 
^us but seldom, also, that rales generated in the flucr ramiBcationB 
^■of the bronchial tree, even though exceedingly numerous, are 
^robserved otherwise tbau by raediato or immediate auscultation, 
^^and in these exceptional cases they are feeble. E&les originat- 
ing in pulmonary excavations, though extremely loud as heard 
through the stethoscope, are never so intense to the ear held 
away from the chest as those produced in the large bronchi. 

Rales, finally, are invariably stronger the nearer their place of 
origination to the part to which the stethoscope is applied. They 
are all capable of transmission through the tissues to points more 
or less remote, the loud being carried farther than the feeble ; 
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we are never, therefore, warranted in concluding that the spot at 
which the rale may be detected corresponds precisely to the part 
at which it takes ita origin. Tery loud rales, — those met with 
in the right lung, for example, — may he propagated, thoagli 
feehly, as far downwards as the hepatic region. But the ear, 
with ft little practice, soon learns to distinguish with sufficient 
readiness between rales arising immediately under the auscul- 
tated spot and those which are transmitted thither, whether from 
adjoining or more deeply-seated parts of the lung. Transmitted 
rales are always scanty ^ as only the loudest of the bubbling 
noises, not all of them, are conducted to any distance ; they are 
also feebler and duller, in this respect showing themselves sub- 
ject to the same laws as other sounds. If r&les of nearly equal 
intensity be heard over a large extent of surface, it may be in- 
ferred that the cause producing them is in operation at all parts 
throughout the whole of the space indicated ; if at different, 
opposed parts of the thorax, — on the right and left side^, for 
instance, they belong to both lungs, as the conduction of rales 
from one lung to another is rare, taking place only when they 
are exceedingly loud and abundant in the region in which they 
are set up. 

Galvagni has stated that rales developed in the deejur parts of the 
lungs are beet heard thrmiijh the vmutfi, in the cavity of which they are 
eoDBiderably intensified by consonance, and that they lose in intensity 
in transmissioti through the spongy lung sabstacce (which is of yeij 
low conducting power) and the thoracic parietee. 

I have been led, as the result of a long series of original inTestiga- 
Irons, to modify this view considerftbly. It is perfectly true that 
certain rules, those in the apex, for instance, appear surprisingly load 
and clear if the trnrnpet -shaped extremity of the stethoscope be placed 
in, or even close to, the open mouth of the patient; in this way dall, 
indistinct rJdes acquire a clear resonant cbaractor, while those which 
are already of this natare become exquisitely metaUic. Rides, there- 
fore, are intensified by consonance in the fiuccal cariti/, as the same 
sound is beard much more feebly over the larynx than at the apex of 
the lung. But I have never been able to convince myself that ralei 
arising in the deeper and lower portions of the lungs, Hounding faint 
and scanty on the surface of the chest, are louder and more numerons 
when auscultated in the month, though I have observed that didl, non- 
resonant rules originating even in the lower lobes, may be audible in the 
mouth, and assume there a ringing character. — These methods of 
auscultation obviously do not enable us to decide whether a rule comes 
from the right or left lung, from the npper or lower lobe, &c. 
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4. SizB OF THE Rales. 

Different rales convey very different impressions to tlie ear 
with respect to the size of the bursting bubbles. 
^P The Rize of the bubbles is determined by the quantity of fluid 
present and the 8tren':jth of the current of air paasiiiff through it, 

■ above all by the lumen of the bronchi in which the rklcs are 
•developed. 

RiilcB are divided, according to the apparent size of the bubbles, 
into^/i<; hiibhliui'i and coarse bubhling rdU's, those of intermediate 
magnitude, or which present a combination of the two preceding 
Tarieties, beinff designated as mcdi tun-sued hidMiiuj rdlc». 

The fine babhling rides are generated for the most part in the 
smaller and smallest subdivisions of the bronchi, the coarse 
bubblitKj rdlca in the larger bronchi ; but even in the largest 
and widest parts of the air-passaf?es very fine moist r^les 
may arise. If the fine and coarse bubbling be combined, — a 
condition readily detected by the ear, — they are termed nn- 
equnl or irregulijr hubbling rdles ; if, on the other hand, the 
bubbles seem to the ear to be eqaal iu size, they are named 
uniform bubblirifj rdles. 

Among the fine bubbling rdles there is one variety which 
demands special attention. It originates in the extremities of 
the bronchioles afid in the air-cells,- — air-spaces of the very 
smallest capacity ; the bubbling of which it consists is therefore 
exceedinfily minute ; as the alveoli, also, are all equal in diameter 
the individual cxplosiona are of uniform size. Such a rale is 
spoken of as a fine, uniftn-jn Imbblinff rdle ; it is known also as 
the moist cr<'pitatin(f rale of Lienncc, from its resemblance to 

»the sound produced by rubbing the hair of the head, especially 
in front of the ear, between the fingers. It is usually only at 
the acme of inspiration, seldom at the beginning of expiration, 
that it is heard. 

When crepitation is distinctly appreciable we have proof that 
the air- vesicles still admit air, and the proper diagnostic inference 
■with regard to the stiito of the pulmonary parenchyma is simply 
^■bat the alveoli contain both air and fluid. This condition 
occurs in the most pronounced form in the first and third stages 
of pneumonia, so that uniform crepitation may be considered as 
almost pathognomonic of the disease in these stages. 
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Crepitation in which the bubbles are nniform mast be Bharply di>- 
tingnished from that in which thoy are irnyular in size. The latter 
is Bpeciallj characterised by the fact that in it not only fine and regular 
bubbles, bnt also eome others of much larger size, are heari Diag- 
noBtically this distinction ia of some importance, as the genuine 
unifcirm cropitati<.)a of Lienncc is developed in long-substance which ia 
Btill permeable to air, the irregular form very frequently in coneo- 
lidatod tisBTJie, that is, not in the air-cells, but in the finest broncJii or 
their terminations. 

Pneumonic crepitation lasts, provided there is no obstruction of any 
of the larger bronchi leading to the infiltrated part, — a condition which 
woald weaken or abolish tlie rale, — till the alveoli are bo completely 
filled with fluid that the air is entirely excluded ; it returns as soon ad 
the fibrinous exudation begins to be absorbed and the air once more 
gains admission to the vesicles. — Crepitation is also taualli/ umtjf'ecud Inf 
coittjidiPi, as the contents of the alveoli cannot in this way be dislodged. 

In pulmonary oedema, also, a serous exudation, — not fibrinous, 
as in pneumonia, — is poured into the air-cells, so that here too 
are furnished the conditions neccBsary to the existence of the 
crepitant rale, — the intimate intermingling of air and fluid ; but 
in this instance the r&le is not so well defined as in the fore- 
mentioned stages of pneumonia, as the brouihi also are filled 
with fluid, and the irregubir hubhling rdle» produced in them being 
added to the crepitation proceeding from the alveoli, the general 
impression given to the car is no longer that of the uniform crepi- 
tant rale as in pneumonia. — In the catarrhal afiection of the most 
minute bronchi which usually attends the various diseases of the 
lang-substance, a few non-uniform, hut nevertheless very fine, 
crepitations may be heard here and there over the chest, and 
these may be of merely temporary duration or persistent. 

Crepitation is also occasionally audible for a short time in 
collapsed conditions of the lung, in those, for instance, in which 
the organ has been for a long period subjected to pressure 
hy pleuritic effusion, or in the retracted pulmonary parenchyma 
situated above the level of a pleuritic exudation ; here it may 
possibly be the result of a catarrh of the extremities of the finest 
air-tubes, — a condition often associated with pleuritic exudation, 
— though it frequently arises, altogether apart from the presence 
of fluid in the bronchioles, solely from the tearing asunder of the 
collapsed and adherent alveolar walla (compare p. 1-16). 

There is a very deceptive kind aiartifidal crepitation which must be 
guarded against in auscultating the thorax. In those in whom the 
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a the front of the chest is pleatifally covered by hair each inspi- 
ration is accompanied by a sound the exact counterpart of ihe 
crepitant rale, produced by the rubbing of the littk crisp hairs on the 
end of the stethoscope. This noise is often so loud as to interfere 
seriously with the perception of the true respiratory sounds. It is a 
source of error, however, which may be completely eliminated by 
simply wetting the hairs with water, when tbey apply themselTes 
flatly and closely to the surface of the chest. 

The medium-sized bubhUnfj rdles, by which is meant, as already 
noticed, the transition- form between fine and coarse rales or the 
sound which results from the mixing of these, is set up in 
bronchi which differ considerably with respect to calibre, but not 
in the very finest or in the very largest ; in the smaller air- 
passages the fine bubbles greatly outnumber the large ones, in 
the larger bronchi the reverse is the case. In pulmonary ex- 
cavations, also, in which there is a very abundant fluid secretion, 
the r&les are usunlly composed of bubbles of medium size. — 
These niles may be still further subdivided into two classes, 
according as the bubbles are ocer or under the ucerage size, — a 
degree of refinement which, as it depends almost entirely on 
eubjective appreciation, is of no practical value. 

Course httbhlinff rdles occur chiefly in the principal bronchi 
and in the trachea, and are usually loudest and most prolonged 
in expiration ; to this category belongs the death-rattle in the 
Rir-pasBageB of the dying. The ability to distinguish between 
medium-sized and coarse bubbling rales, — a point of no great 
diagnostic importance, is easily actjuired by the ear, with a little 
practice, while the difference between fine and coarse rales is so 
obvious as to strike every one at once. 

The medium-sized and coarse rales, which are always louder 
than the tine rales, are found not only in simple primary catarrh 
of the bronchi, but also in the secondary bronchial catarrh which 
accompanies the parenchymal diseases of the lungs, and in pul- 
monary cavities. These rales, therefore, can have but one 
diagnostic signification, — that fluid is present in some of the 
larger air-passages ; but without a consideration of the character 
next to be discussed, (resonance or non -resonance of the n'lles), 
and of the properties of the respiratory sound, such phenomena 
alone are not sufficient to indicate whether the tissue of the lung 
is still freely permeable to air or is consolidated. 

Skoda has for this reason applied to the whole group of rales joet 
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described the collective term indeterminatf riilee, regarding them as 
ftnalogoua to tho itideterminate reepiratory murmwr, as neither class of 
phenomena offers any indication of the condition of the lung-tigFue 
with respect to air-coctenta. Practised auscultators, nevertbeless, are able 
to determine, from certain peculiar qualities of the nonuniform bubbling 
rules, whether they are due to a simple catarrh, or to the aecondarr 
catarrh dependent on condensation of iho lung-substance. No general 
rules can be laid down fur guidance to the formation of such a diog- 
nosie, which is, indeed, rather a matter demanding skill and experience ; 
it must su0icc, therefore, to point out some of the principal dilTereuces 
between the rtdes of primary and of secondary catarrh. In simple 
bronchial catarrh the rsdes are heard over the greater part of one or 
both lungs, they varj' greatly in intensity at different points, conBisting 
of bubbles of very unequal sixe, and are usually accomparied by dry 
rales (see p. 1 58) ; the vesicular inspiratory sound, further, is generally 
of the rough, harsh type, and a characteristic thrill is often felt by the 
hand laid on the chest-wall. These details are apphcable also to the 
bronchial catarrh associated with pulmonary emphysema. But the 
rales of secondary catarrh, catarrh consequent on condensation of the 
pulmonary parenchyma, are more Hmited in distribution, being fre- 
qaently coiillned to small circumscribed spots ; they are usually much 
finer, — as such catarrh most commonly has its seat ia the smaller 
bronchi,— are more seldom accompanied by dry rtdea, and are very 
rarely, and then but feebly, appreciable to the hand placed on the 
surface of the chest. 

6, Resonant and Non-Resonant (Toneless) Rales. 

Resonant (or houotous) r&les are those in which a tone of 
somewhat musical quality is distinguishable, the non-resonant 
those which make on the ear the impression only of a non- 
musical sound or noise. The former usually appear to the ear 
Hmr and high, the latter dull and ^»f in jtihh ; in well-marked, 
typical instances, therefore, the distinction between the two 
varieties is easily made, while in the transition -forms, which are 
designated, on the one hand, as ohtcurely or approjrimately 
n-sovnnt, or on the other as almost toneless, much has to be left 
to the subjective appreciation of the individual examiner. — All 
fine, coarse, or medium-sized bubbling rfiles, with the exception of 
the small uni/orm rftlo (the crcpitajit rSle), may become resonant 
under certain circumstances described below. 

R($on<mt rdles arise only in consolidated lung-tissue and in 
rarities, and should therefore be interpreted in the same way as 
bronchial respiration : on the other hand, rules which originate in 
parts of *jH>««;y texture are invariably non-resonant, — The cause 
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of this resonance is to be found, not in Skoda's assumed conso- 
nance,* but in the favourable conditions offered bj the dense tissue 
for the. transmission of each individual sound bo the surface. 
As the rale generally loses its resonant quality in passing 
through expansible, air-containing lung, it is usually toneless 
at some distance from its point of origination. — If in listening 
to a resonant rale special attention be directed to individual 
bubbles, it will be found that they do not all burst with the same 
masical sound, that many, in fact, arc absolutely non-resonant ; 
the more numerous the bubbles having the sonorous character the 

Hpnore distinct is the resonance; this resonance is also greater 
the more complete the consolidation of the lung, the closer the 
indurated part lies to the surface, and the larger the bubbles 
thrown up in the fluid. But it is far from being invariably the 
case that the rules heard in condensed lung-substance are re- 
sonant ; they are sometimes perfectly devoid of the sonorous 
quality, this being specially apt to occur if the dense part is 
small, or if between the portions of solidified tissue the lung is 
still quite spongy in texture. 

But frequently, with well-marked physical signs of consoli- 
dation, — percussion-dulness and loud bronchial respiration, — 
the riles may appear non-resonant, whilst at a subsequent 
examination they may again be distinctly resonant ; this change 
does not in all cases admit of ready explanation.^The most 
dearly resonant rales ore those generated in cavities situated 
dose to the surface of the lung and surrounded by dense, firm 

^parenchyma. 

^m Thas, whilst resonant ridea indicate with certainty the presence of 
^m^mderuatiun or f.ratt(itivH of the lung-tissue, wyn-rtJiomnit rales ih> 7it)t 
^f IkeceMorilij exchttli- tbe txistetice of these conditiniiB. In the absence 
of the resonant rale tbe diagnoBiB of coDBolidatinn of the lun ^-substance 
rests on the results of percussion (dulness), and of anscultaliim of the 
respiratory sound (bronchial breathing). In those parts in which the 
rales are of resonant quality the respiratory murmur may ho hruBcbial, 
or amphoric, or indettrminate, but ohvioufily mrtr rrxkulitr. 

^m The non-resonant rdU'g, yielding, as they do, no direct evi- 

^" dence as to the condition of the lung-substance, fall naturally 

into the category of indeterminate riles already mentioned. — 

Sometimes, however, they bear no resemblance whatever to the 

* Skoda names the reeonont r&le the coMonating r&le, in conformity with Ub. riew 
<A its origin. 
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usual sound of bursting bubbles, being of a peculiar creaking or 
crncklmf) quality. Such a rfile, which constitutes the transition- 
form between moist and dry rales, indicates great swelling of the 
bronchia] mucous membrane, and a scanty or very tenacious 
secretion. These creaking rales occur very frequently both in 
primary bronchial catarrh and in the catarrh which accompanies 
chronic induration of the lung. 

As the apices of the lungs are the parts most commonly 
afl'octed by condensation it is here that the creaking and crack- 
ling sounds, — more frequently the former,- — are oftenest heard. 
These peculiar phenomena are observed only when the rales 
are scanty ; they appear, also, to originate in the immediate 
vicinity of the ear, in the most superficial parts of the lung. — 
After remaining audible for a considerable period they may 
completely disappear, on account of diminution in the quantity 
of the bronchial secretion. In general their characters are 
subject to much variation, like those of all the other moist 
r&lcs. 




Metallic Rales. 

The most exquisite form of the resonant r4le is termed the 
ritiffing, mctaUic rdlc. 

These r^iles are accompanied by a tone of genuine musical 
quality, very clear aiid of accurately determinable pitch. Fre- 
tjuently all the bubbles formed by the agitation of the fluid 
secretions have this ringing metallic character; in other cases 
only a few of them possess it, while the remainder are obscurely 
resonant ; and in still another class of cuaes the r&le, especially 
when it consists of but a few bubbles altogether, gives the 
impression as of drops of fluid falling from a height with a 
sound of aentely metallic intonation. 

R&les of metallic timbre, especially single babbles, may be 
best imiUt«d by causing drops of water to fall some distance to 
the bottom of a metallic vessel. 

Lauiee employed the term mHallic tinUmg to designate the ph«- 
aoM«DOii just described, — ^the intensely metailie sound of single burst- 
inc bobbies, simulating the dropping of water, oeeanii^; in large 
fSmKiuur exeavatioiis or in pneomotboneie cavitiss oeei^ied by a 
ooiteiii ^MBti^ of fluid. It is certain, however, thai Um aonnd is 
STtifSitiWfl^j' dee^tare ; it is not produced by the dropping of fluid, 
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bat, as above stated, by tbe explosioo of single babbles, whose tone ia 
intensified bj resonance in the cavity. 

Rales of metallic timbre arise excluBively in cavities of con- 
siderable size, as large, at least, as the closed fist, which are 
enclosed by walls of aniform density, and are situated near the 
snrface of the lung. These are precisely the conditions enume- 
rated as necessary to the occurrenco of the metallic percussion- 
Bonnd and of the amphoric respiratory murmar. But tho free 
communication which, in order to the development of amphoric 
respiration, must exist between the air of the cavity and that of 
the bronchus leading to it, and between the latter and that of 
the trachea, is not an indispensable condition in the case of the 
metallic rale ; this is obvious from the fact that in the some- 
what rare cases in which there is absolute closure of the 
bronchus opening into a large cavity, — as indicated by the total 
suppression of the respiratory murmur, — the ringing metallic 
rAle may be at once elicited by sharp coughing, when the fluid 
and air in the excavation are thrown into violent agitation. The 
metallic rale has been justly explained as a irne phi' iwmenon of 
consonance, in contradistinction to the simply resonant rJile, 
which owes its peculiar qualities to the better conduction of 
sound through solidified tisBUe. Amongst the many resonant 
bubbles which go to constitute it, but few have the pure metallic 
resonance ; these are they whose pitch corresponds to the proper 
tone of the cavity, and for tliera the cavity acts as a resonauee- 
ehamber, in which the ringing quality of the r^le is intensified 
(compare Bronchophony, p. 169). By using a suitable resonator, 
also, (see p. 95) the metallic sound may he greatly increased 
in intensity. It is often possible to recognise in the metallic 
r&le several tones (fundamental tone and overtones) stamhng in 
harmonic relation to each other. 

In those cases in which this rale is heard the respiratory 
murmur, — when not temporarily suppressed or rendered indeter- 
minate by plugging of the principal bronchus, in which circum- 
stances the metallic nMe also is wanting during the respiratory 
act and is audible only on coughing, — is amphoric (accompanied 
by a metallic echo), so that amphoric respiration and metallic 
tinkling have come to be shortly designated metallic phenomena, 
or, as they occur almost exclusively in cavities, as cavernous 
phenomena. 
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The Sound op Succossion in Pyo-pneumothorax. 

There remains for discaBsion a special variety of the metallic 
rale, — a splashing, accompaaied by a ringing aouud, heard in 
cases in which the pleural sac is uccupif.d luj air and fi aid (pyo- 
pneumothorax), on shaking the patient while the ear is applied 
to his cheat. This method of exploration was practised by 
Hippocrates, — heuce the name by which it is generally known, 
Hippocratic Sv^cussion. On shaking a jng partially filled with 
water a fair representation of this sign is obtained. In some 
cases it is very feeble, appreciable only by immediate auscultation 
or through the stethoscope, whilst in others it is audible even 
at a considerable distance. 

In one patient who was under my care, suffering from pyo-pneomo- 
thorax on the left side, the epla&h could be heard in all parts of a large 
claBB-room, wbcn be raised himself quickly on his toes and dropped 
back again on bis heels. 

When the cure of a pneumothorax is effected by the ontpoming 
of a pleuritic exudation which, by its increase, gradually takes 
the place of the air, the sound of succussion is no longer appre- 
ciable. In encysted pyo-pneumothorax also, especially if it be 
of limited extent, the splash is wanting ; and, further, it does 
not appear to be present even in everj* case in which the effusion 
ia &eo and unconSned by adhesions, but only in those in which 
it is also of very fluid consistence (serous), and in that way easily 
thrown into commotion by shaking the patient. 

The Bplasbing euccuBBion-sound mm/ also be observed in jmlmtinartf 
miixkiB, when they are of the size of the closed Jixt at least, and contain 
a very abundant and thin fiaid secretion ; but as the latter condition 
is exceedingly rare in phthisical and bronchiectatic cavities, it is only in 
very exceptional cases of this kind that the sonnd in queetion is heard. 
Gangrenous cavities do certainly contain a secretion of this character, 
but are seldom so large as to form a resonant chamber sufficiently 
spacioas for the proper development of the splashing sound. 

Dry RIles. 

By this term are meant riiles which do not create the impres- 
sion of the bursting of bubbles or of liquid in motion, but which 
are comparable rather to the whirr of a revolving wheel, to the 
crisp noise produced by walking on frozen snow, to the crackling 
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of a dried bladder, &c. These comparisons come far short of 
exhaasting the varied characters of the Bounds under considera- 
tion ; they cannot be regarded as minutely descriptive of them, 
but merely as expressive of some of their most striking and 
prominent resemblances. A little practice, however, will soon 
enable any one to distingaish readily between raoiut and dry 
rales. The transition from moist to dry sounds is gradual ; the 
creaking and crackling sounds described on p. 156 may be taken 
as representing the forms intermediate between the two definite 
types, though they are almost entitled to be looked upon as dry 
i^les. 

The general diagnostic inference to be drawn from the pre- 
sence of dry rales, with reference to the condition of the 
bronchi, is that ihf iwicotis membrtvie is swollen^ and covered by 
a scanty, cxccfdingly viscous secretion. 

From these dry rules is to be carefully distinguished still 
another class of sounds, in which there is no longer to be found 
any trace of the charackiristic features of the nllo; these are 
known as the snoring, hissing, and whistling sounds. As the 
sensory impreifsiou produced by them corresponds exactly to that 
indicated by the names they bear, (the sonorous rhonchus, for 
iiutance, resembliug closely the deep tone of a bass string), their 
recognition presents no difficulty. These sounds are caused by 
the passage of the respiratory current of air through bronchi 
whose calibre is encroached-upon by swelling of the mucous 
membrane, or which are ut parts temporarily obstruclod by plugs 
of mucus. These conditions alone are enough to render the 
respiratory murmur loud and harsh, as may easily be shomi ex- 
perimentally by blowing through caoutchouc tubes which are 
compressed at certain points ; but besides these causes the vibra- 
tion of the prominent folds of the swollen mucous membrane 
and of the tough secretions adherent to them, take an important 
part in the production of the sounds. The smmng soutids 
(sonorous rhoiiehi) originate in the large and medium-sizr.rl 
bronchi, the hissing and whistling sounds (sibilant rhonchi) in 
the siniill and snudioit air-jMSSiigi'S. The former are low- 
pitched, the latter high ; and this is exactly in accord with the 
teaching of physical science, — that the pitch of a tone, like that 
of a rule artificially produced in tubes, rises as the diameter of 

le chamber iu which it is generated diminishes. These rhonchi 
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are very common in chest affectiona, and are most marked in 
acute and chronic: bronchial catarrh, — both in the primary 
form and in that which results from the various diseased con- 
ditions of the pulmonary parenchyma, especially emphysema; 
they are generally audible over a large part of one or both sides, 
sometimes even over the whole, of the thorax, and vary in in- 
tensity with the degree of the 3welli:ig of the mucous membrane 
and the lumen of the bronchi attacked by the catarrhal process. 
The loudest are the sonorous rhonchi, occurring in the large 
bronchi. The character of the sounds depends on the size of 
the bronchi involved, being snoriug or hissing and whistling 
according as it is chiefly the large or the small air-tubes 
that are affected ; occasionally all three varieties are heard 
simultaneously, at the same or at different parts of the thorax. 
They are considerably louder than the moist rales, and are 
appreciable, even at a distance from the patient, in both 
inspiration and expiration, sometimes throughout the ivhole of 
the respiratory act, as sighing, moaning, or cooing sounds. As 
in these circumstances the elasticity of the lungs is diminished 
and expiration prolonged, the duration of the expirator}* rhonchi 
is much longer thun thiit of the inspiratory sounds. If the 
bronchi contain also a certain amount of fluid secretion moist 
r&les are added to the dry sounds, and as fluid is found more 
frequently in the larger than in the smaller bronchi it is the 
sonorous rhouchus which is most often accompanied by rkles (of 
the coarse or medium-sized babhliug variety), whilst the sibilant 
rhonchi are commonly free from such indications of the presence 
of liquids in the air-passages. The respiratory murmur is some- 
times audible along with the sonorous or sibilant sounds ; it is 
vesicular so long as the lung-substance remains permeable to air, 
or may disappear entirely, as in aggravated cases of pulmonary 
emphysema ; it may be completely masked by the loudness of 
the dry rikles, or may possess the characters only of indeterminate 
respiration. — All these dry sounds, which are shortly designated 
as ctitiirrhal, may be moditied by the assumption of the ringing, 
resonant quality, when the lung-substance at the affected part is 
completely consolidated : it is scarcely justifiable, howeyer, to base 
the diagnosis of consolidation on this sign alone, as even while 
the lung is perfectly expansible these rhonchi show a greater 
tendency tliau any of the other rales to take on the character 
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referred to ; this ia clearly indicated in the names applied to tbem, 
sonorous, sibilant, &c. It is only necessary to auscultate a few 
cases of severe emphysema attended by dry catarrh, to become 
convinced of the frequent occurrence of this almost musical pro- 
perty of the dry catarrhal rales. They are all, especially the 
sonorous rhonchi, appreciable on the surface as palpable fremitus 
(see p. 68), but may also become nurecofrniaable, either by 
auscultation or palpation, for a longer or shorter period, or at 
least suffer considerable diminution in intensity, when the 
patient succeeds iu expectoratiog some of the raucous secretions, 
uhich in these cases are always scanty and tenacious. 

SeTeral of the moist and dry rales, the special characters of which 
have been described, may co-exist in the eamo individual. Or the 
different orders of rales may assume the most diverse forms, merging 
into each other through muUiform modifications, and that not only 
at different stages of the morbid process but within very short periods 
of time, in the space of a few minutes, for example, on coughing sharply. 
In the same way similar rales may be observed accompanying very 
different respiratory murmurs ; tlius with vesiculnr respiration all the 
rales, excepting the resonant and the metallic varieties, may be heard, 
with indeterminate respiration rales of every description, without ex- 
ception, and with bronchial respiration rales of all kinds except the 
genuine uniform crepitation. 



Pleubitic Friction-Sound- 

This phenomenon presents to the ear much the same charac- 
ters which are fult by the hand in Pleural Fremitus' (p. 66). 
It gives the sensation sometimes as of the lightest rubbing, if 
stronger, that of shufflinfi;, grating, or creakinff, Ac. ; in the latter 
form, which is the most common, the sound is divided into 
several distinct portions of different intensity. It is sometimes 
audible only at the height of inspiration and the beginning of 
expiration, at other times, especiolly when breathing is \ngorously 
carried on, throughout the whole of both phases of respiration. 
It is also generally, though not alvA-ays, possible to form some 
preliminary conception of the intensity which the sound shoald 
present to auscultation from the distinctness of the thrilling 
sensation communicated to the hand. In some cases it is only 
its rougher, or more striking features that are thus perceptible 
to the sense of touch, whilst the ear takes in not merely these, 
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Auscultation of the Cough. 

The cough of the patient is Bomctimcs made aae of as an aid 
to auscultation, Lut iu many cases is also itself made the subject 
of direct examination. 

As an adjuvant to auscultation it answers many purposes : 

1. After repeated coughing inspiration becomes deeper and 
the respiratory murmur louder. 

2. Casual obstruction of the bronchi by plugs of mucus is 
removed by coughing, especially if followed by expectoration ; 
communication between the air-passages and the substance of 
the lung is thus re-CBtablished, and the respiratory murmur, 
previously suppressed or indeterminate in character, becomes 
clearer. The nature of the respiration after coughing depends 
on the state of the lung itself, being bronchial in consolidation 
or excavation of its substance, vesicular if it be still of spongj- 
texture. 

3. Rates are often first called into existence, or are considerabljQ^H 
intensified, by coughing ; it agitatos the fluids which are lodgeC^H 
in the pulmonary vomicae and in tlie bronchi, throwing them into 
more violent commotion than ordinary respiration ; it frequently 
also has the effect of collecting and driving the secretions into 
more confined spaces, and thus of increasing the number and 
intensity of the rales. During the cough, therefore, and in the 
deep inspirations following it, the rales are heard with great 
distinctness. Occasionally, however, the rfiles, notwithstanding 
the complete absence of expectoration, become weaker at certain 
parts after coughing, and stronger at others ; this is plainly due 
to the shifting of the liquids in the air-passages. — These changes 
in the rales, as the result of coughing, are observed with great 
frequency in diffuse bronchial catarrh. 

4. The ringing character of the metallic n'llo is generally 
brought out by coughing, if it is not already observable in 
ordinary respiration. 

The cough itself is auscultated, as it developes certain peculiar 
acoustic phenomena in consolidated lung-tissue and in cavities: 
it becomes exceedingly loud in solidified lung, louder, at least, 
than in lung which is permeable to air, and in largo superficial 
cavities it further acquires a distinct metallic ring. Auscultation 
of the cough alone, therefore, is sufficient to decide whether the 



COUGH. 



165 



* 



subjacent part of the lung is solid, of spongy texture, or hollowed 
out into cavities. 

The cause of the greater distinctness of the cough over con- 
densed tissue and excavations lies in the superior sound-conduct- 
ing power of indurated lung-substance. 

It remains now to discuss the cowjh ajt a aipnfttom in diseases of 
the roBpiratory organs and itt idfjnijicatum /mm a dinifnostic point 
of tit'ir. 

Cough is produced by the sudden and forcible opening of tho glottis 
by the expiratory current of air. It is frequently au entirely volun- 
tary action; at other times it occurs independcntjy of the will, as 
a rejfex action, when the terminations of the Benaory nerves in any 
part of the mncoas membrane lining the air-passageB, from the 
huyni down to the smallest bronchioles, are subjected to any abnormal 
irritation. The moat sensitive part of the mucous membrane is that 
which protects the larynx (especially the inter-arytenoid region) and 
the trachea as far downwards as its bifurcation ; coughing may at any 
time be, artificially excited in animals by irritating any part of this 
portion of the membrane (Nothnagel, Kohts). The mucous lining of 
the bronchi is much less seDsitive. These views find ample corrobora- 
tion in certain pathological observations ; thus it commonly happens 
that most violent coughing is set up on the intrusion of foreign bodies 
into tho larynx, and that, further, if the efforts made to expel these 
bodies be nnsiiccesBful, if they rather sink deeper into the bronchi, the 
coughing becomes less distressing and may finally entirely cease. — 
Irritation of the costal pleura, also, provokes coughing, while stimula- 
tion of the visceral portion ia powerless to produce this effect, as has 
been shown by experiments on animals and some observationa in 
the human subject. IfMicther coughing may be brought on, by 
reflex action, from irritation in the stomach, ia still doubtful, though 
some of the phenomena met with in dtsesae aecm to point in that 
direction ; it has never yet been accomplished experimentally. — 
Stimufation of the vagus in the neck, of the superior laryngeal nerve, 
and of the nerve- centres from which the constituent fibres of the vagus 
spring, induces attacks of coughing (Kohts) ; in those cases, therefore, 
in which coughing appears as a symptom accompanying some disease 
of the nervous sjatem, and apart from tho existence of any concurrent 
pulmonary disorder, — as in some instancea of hysteria,— it may be 
referred to an abnormal condition of irritation in the course of the vagua. 
Further evidence of such a puxely neurotic origin is found in the fact 
that the cough usually comes un in paroxysm a, like that of tussis con- 
vulsiva. — Most attacks of coughing are preceded by a tkkl'nuj sensation 
in the larjTix, even when the affection which excites them is not located 
at that point, but in the bronchi. This tickling forces on the cough, 
or at least makes it dithcult to rcfraiQ from endeavouring to find relief 
in that fashion. 

The irritalioQ necesBary to the provocation of coughing, apart from 
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lite iirciiiuntnl adtuiBBUiD of foreign bodies into the larjnz, is fiiruisbed 
iir iltHt'ii»*<'M uf the respirutory or(,;anB by tiro Bwollen condition of the 
bruiu-ltial iniiruuH monibnino, ur the presence uf fluids in the air- 
pMio^KH, — Hiicli iiH broiicliiiil mncns, inflammatory exudations, eikra- 
TMfttod lil«u«I, |iuH, or scrum ; occasiunRlJy, also, nimple engorgement 
of tbr hiiigM wiUi blood, iudopeutloutly of any cbnnge in tbe nincoas 
iiu'iuluimo, ujiponrs to be sufHcioat to cuuse coughing. Inasmacb, 
llioi'i'loni, uH ikbndHt all Ibe diseases of respiration are, at some stage 
ur tiibor, iiilinKknl by bronchial catarrh, localized or difiose, it is plain 
tliiii in almoNt nil tbeso afioctions euugbing can scarcely fail to be a 
morn or Iohn promintmt symptom, lasting either througboat the vhole 
of tlio iliHordor , or dovclopcil only at some particular part of its coorBe. 
Coughing is thus a symptom of the greatest importance in maaj 
dJMMOt, enMoially in inoipu'iit phthisical afl'ections, as, in the abaanee 
of other indications, it ie not unfroquontiy the first sign which directe 
the Rtloutiou of the medical attendant to tbe longs. 

[ileto absence of cough in pulmonary disettes, either AuUBg 
lougctr or shorter periods or daring the whole of their emrm, 
ii iroftdingly nur« ; the most prohftble ^Tptoiwtinn of tntk m 
IMM* it IhftI in Umm tmam the ttmmHwaam of tike miiii !■ 
lioM in the bronehiiJ moeous memKnux is bhnted. Tkis SMy take 
tUf 9tttk oader nhvaiologMdl cioiMiitin«it : in deep, tor 
ariUtk^ht T is Btt(A MM flnxkdd thm inmg the vaking 
b ctNTtain fftthokfical mtmutaattm it maj he uaikily 
M vbNk ttMT* is djiterbenee or MifetbhuaiMl of tke 
ilk «ottafee, vtai ia proftMuid OThewHw tnm 
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the year, while in wiater both the disease and the cough 
return with all their former violence. Aggravatiou and mitigation of 
the cough, therefore, are HigQs which cDablo ub to form at least an 
approumate opinion with regard to the progress of the original morbid 
process going on in the luuga, though they are obrioufily of such ralae 
only when the patient comes frettuently under obaervBtiou. 

The coagh presents great diversity in respect to its special characters ; 
these vary according to the freijunu'i/ of the cough, its intmntij, its 
I tt>ttf , and whether it is mrrht or dry. 

p I. Each attack may consist of one or of only a few short, slight 
expiratory eflbrts ; 

2. X)r of a series of several coughs, of somewhat greater intensity; 

8. Or of a constant and rapid successioa of violent paroxysmal 
seizures, broken only by a few deep, usually aoDOrouSf inspirations. 

The first variety, known in Germany by the name hiiMefn, is met 
with most commonly in phthitjical patients, and is regarded even 
among the laity as an ominous sign, though it is occnsiunnJly observed 
in diseases of a non-phthisical nature. This slight cough is generaUy 
not the only form which accompanies phthisis ; it alternates very fre- 
quently with that described as the second variety. In particular, the 
cough which attacks the patieat in the morning, buoq after waking, is 
usually of a somewhat severe and persistent chiuracter, as the bronchial 
secretions which have accamuiated in the air-passages overnight keep 
up a contiuuoiis irritation until expelled. Violent and prolonged 
coQghing often excites vomiting, the sensory nerves of the stomach 
being irritated by the repeated uiid rough concussion. 

The second variety of cough is the most common ; it presents itself 
in all the diseases of the respiratory organs. 

The third variety appears in its most typical form in tussis convulsiva, 
a disease of childhood which obtains ite name from the nature of the 
coagh. It occurs in distinct paroxysms of even several minutes' 
daratioD, separated only by a few deep, crowing inspirations ; it is 
laborious and spasmodic, the countenance becomes darkly cyanotic, 
and the seizure not nufrequently ends in vomiting. In the intervals 
the fits of coughing are shorter and milder. In other diseases of the 
respiratory organs also the cough sometimea takes on this spasmodic 
character, but the attacks are then of shorter duration and not so 
typical. — The classitication of the cough with regard to its intensity 
is embraced in the three furegoiug categories ; it is least marked in the 
first form {hiutteln), most marked in the spasmodic cough, and also, as 
in dry bronchial catarrh, w^hen the secretiona are very tenacious and 
therefore expectorated with some difficulty. 

The cough is designated as miiiat or (/n/ according as it is accom- 
panied or not by expectoration. At the outset of any disease of the 
organs of respiration, especially bronchial catarrh, when the mucous 
membrane is still merely congested or swollen, but not yet covered by 
secretion, the cough ia invariably dry ; at a later atage it becomes 
moist. The expulsion of an ofi'ending portion of mucus is not 
generaUy effected by a single efort of coughing, and the process is the 



168 A HAKDBOOK OF PHYSICAL DUOKOSIS. 

more difficalt and troublesome the more deeply situated the part of the 
air-pasaagea from which the secretion has to be broaght. 

The ton^ of the cough is exceediuglj' variuhle, and depends chiefly on 
the character of the cough in other respects, — whether it is forcible or 
feeble, moist or dry. The more violent tlie cough the clearer its ton«, 
the feebler it is the duller its tone. It is aleo clearer when drv, and 
scantier when moiet. The cough of laryngeal and tracheal catatrb, 
when very dry, is not uufrequeutly of a pecuhar loud, clear charmcter, 
(the " barking cough " of the laily). If the cough be dry and extremely 
laborious it is generally accompanied by a hissing sound, audible at 
some Sittle distance from the patient, duo to the forcible rush of air 
through the glottis ; this same sound, moreover, is heard in every 
variety of cough, when auscultated by means of a stethoscope. It is a 
matter of daily eiperience also that the tone of a moist cough is subject 
to great moditication by being mixed with the sounds caased by the 
agitation of the expectorated fluids. 

From these considerations it will be seen that, apart from the very 
characteristic phenomena of hooping-cough, there is in general nothing 
in the nature of the cough that throws much light on the actual morbid 
changes going on in the lungs ; at host it is only when taken in 
conjunction with the previous history of the case, especially as regards 
duration, that it assumes any diagnostic value. This diagnosis is most 
easily made in cases of chronic character, in which the principal 
question to be settled is simply whether phthisis exists or not ; bat 
even hero the nature of the cuugh is not the sole, or even the chief, 
guide, — it should be supported by a minute physical examination of 
the chest, and an inquiry as to the presence or absence of the other 
phthisical signs, emaciation, <Jcc. 

It is not merely in diseases of the lungs themselves that congb is 
observed ; it occurs also in afi'ections of the pleura (pleorisy, for 
instance), but always in its less marked forms. In such cases it 
probably arises from irritation of the sensory nerves of the pleora, 
partly also from the slight bronchjal catarrh which often attends 
indammation of the pleura. — Cardiac diseases excite cough only when 
they set up secondary congestive catarrh of the longs. 

Auscultation op the Voice. 

Tbo vibration of tlie thoracic parietes, caused by the voic*, 
and felt distinctly on the surface as pectoral fremitus, has 
already been discussed in the section on Palpation (see p. 63). 

AutcuUnHon of the Toice is also frequently employed as a 
diagnoatio aid in diseases of the organs of respiration, to sapple- 
raent or confirm the results obtained by auscultation of the 
respiratory murmur. 

AVhou the respiratory apparatus is in its normal condition the 
words spoken by the person under examination are absolutely 
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indistinguishable from each other, either through the ear applied 
directly to the cheBt-wall or through the stethoBcope ; the voice 
is heard merely as an ondefined huzaiuff. The intcusity of this 
sound at any part corresponds exactly to that of the vocal thrill ; 
the conditions, therefore, on which depends the greater or less 
andiblenesa of the voice at any point on the surface of the thorax, 
are precisely those formerly enumerated as similarly aflfecting the 
intensity of the pectoral fremitus. 

Pathological alteration of the voice, with respect to the distinct- 
ness with which it is conducted through the tissues to the surface, 
takes place in one of two directions : the voice may be rendered 
so feeble as to be totally inaudible ; or it may bo intensified to 
such a degree that a large number of the words become clearly 
articulate, and the auscultator has the impression as if the 
patient were speaking directly into his ear. Increase of the 
intensity of the voice is termed bronchophofty ; amphorophony 
(a metallic ring or echo produced by the voice), and ojgophony 
(the bleating voice), are modifications of bronchophony. 



Enfeedlement of the Voice. 

The sound of the voice, at the surface of the chest, is weakened 
or suppressed by the same conditions which lessen or abolish its 
perceptibility to the hand, that is, by copious pleuritic exudation, 
pneumothorax, and to a moderate degree also by the presence of 
a large quantity of fluid in the air-passages (see p. 64 et seq.) 



Increase in the Intensity of thb Voice. Bronchophony. 

Bronchophony, like bronchial respiration, occurs as a physio- 
logical phenomenon, in the larjTix and opposite the bifurcation 
of the trachea; but at the latter level it has already lost 
much of its force, and is heard only to the right of the vertebral 
column. 

PatkologictiUy, bronchophony may occur at any part of the 
thorax ; but other conditions being equal, it is louder superiorly, 
both in front and behind (in the interscapular space), than it is 
inferiorly. In its more exaggerated forms its recognition is easy 
without the institution of any comparison with the healthy sounds ; 
when its special characters, however, are leas markedly developed, 
such a comparison is necessary, with the vocal resonance at the 
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correBponding points on the sound side of the chest, or indeed 
with that at any part of the lung which may have preserved its 
normal texture. 

Bronchophony is invariably an indication that in the region 
auscalUited the lung is somewhat extensively consolidaUd or 
cmiimns a large cavity enclosed by solid icalls. 

The ospresBion '* consolidation of the lungs" embraces a well- 
knowu class of pathoIogiciU processes, amongst which the liepatizalion 
of pneumonia and caseous coudensation (phthisical) are i'ound to be 
the commoneBt causes of hronchophoiiy. — This intensification of the 
voice-sounds is observed more often m phthisical than in bronchioctatic 
vomica), the former being more favourably situated for its develop- 
ment ; it is but Beldom, also, that gangrenous cavities attain sufficient 
size to give rise to bronchophony. — In very large phthisical excava- 
tions hroncfujjihonif has a iintadic, ringing character, exactly as in 
the case of the respiratory murmur and the cough (see p. 164). This 
ringing sound, however, is not so loud as that which accompanies 
the cough, SB the latter throws the air within the cavity into more 
poworfiil vibration ; phthisicul patients presenting caverns in the Inngs, 
also, are uEuatly greatly reduced in physical strength, the voice, there- 
fore, is weak, and is further frequently rendered husky from concurrent 
laryngeal aSection. 

Bronchophony has, with regard to the determination of the 
physieal condition of the lung, exactly the same diagnostic sigui- 
licatiou as the bronchial respii-atory murmur, and in all instances 
its occurrencej its distinctness, its temporary disappearanco and 
its reappearance, are dependent on precisely the same circum- 
Btances as in the case of bronchial respiration ; this is true more 
particularly with reference to the size of the condensed part or 
of the cavern, which must be at least so large us to include one 
of the more important bronchi, and to the free communication 
which must subsist between this bronchas and the trachea t^ec 
p. 66). 

Since bronchial respiratiou and bronchophony arise from the same 
causes they are always found associated, though not invariably of 
equal intensity. The presence of large accumulations of fluid in the 
condensed portions of the lung or in cavities, irregular iniiltration of 
the alveoli, or the existenco of spongy lung-suhstauce between patches 
of consolidation, diminish the clearness of bronchophony, or prevent its 
development altogether. — Like bronchial respiration, it is always com- 
bined with increased pectoral fremitus, — a fact the reasons for which 
are self-evident; but much U&er shades of did'erence may be detected 
by auscultation than by palpation, and when, moreover, bronchophony 
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is confined to a very circnmscribed area, examiDation by the latter 
method gives verj' unreliable results. It is customary, therefore, 
except in cases of copious pleuritic effusion and other affections which 
render large parts of the lung void of air, to investigate the anomalies 
of the voice by auscultation rather than by palpation. 

Lsennec drew a sharp line of demarcation between two forms of 
increase in the intensity of the voice, — pectoriloquy and bronchopbony. 
By the first term be designated the loud and exaggerated quality of 
voice heard in very large and superficial palmonar\' caverns. But pec- 
toriloquy is in no essential respect different from bronchophony ; it is 
simply the same character of voice in its highest degree of intensity. 
IS so disposed, therefore, one may, Avilh Skoda, distinguish between a 
faint and a loud bronchophony, the latter being merely Lajtinee'a pec- 
toriloquy, though these sUgbt diflereucea have no particular diagnostic 
meaning, just as there is no special physical condition corresponding to 
loud and feeble bronchial respiration. — Bronchophony is generally 
loudest in cavities ; but this is not the invariable rule, as it is occa- 
sionaliy observed to be weaker in such circumstances than in tissae 
which is simply infiltrated, but free from excavation. 

Bronchopbony is also heard when the lung is compressed by 
pleuritic exudation, Intt only at thonc parts of the chest at which 
the dcfisc litntf is in imiiufUatc couiuct iiith the chest-wall, that 
Ib, posteriorly, between the vertebral columu and the seupula, 
when the eft'usion is nou-encysted. — One condition which sceniB to 
be essential to tho development of hroucliophonj is that the 
larger bronchi mast stiil bo patent, to permit the entrance of 

e waves of aound ; should these too be closed by reason of 

e greatness of the pressure bronchophony is wanting. At those 
parts, on the other hand, at which the lung is separated from 
the chest- wall by the effusion, the vocal resonance, like the 

ctoral fremitus, is feebler than on the sound side. Never- 
theless, all exudations do not offer the same opposition to the 
transmission of the voice-sounds ; Baccelli has shown that the 
more fluid and homogeneous the e6fusion the more easily and 
completely is it penetrated by tho vocal vibrations, and that in 
favourable circumstances even a whisper may be audible through 
effusion ; but through fibrinous, and particularly through purulent 
exudations the waves of sound pass with diificulty or not at all. 
There is thus a possibility of ascertaining, by auscultation of the 
voice, especially of the whispered voice, whether the exudation is 
serous, fibrinous, or pm*ulent. To facilitate the appreciation of 
these differences in the intensity with which the voice is con- 
ducted Baccelli recommends that the auscultating ear should be 
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preaaed firmly against the spot under examination, that the other 
ear should be closed \t-ith the point of the finger, and that when 
the patient speaks, either aloud or in a whisper, he should turn 
his face away from the head of the examiner. 

Compression of tLe lung from other caases than the presence of 
fluid is seldom so extensive or so complete as to offer conditions 
favourable to the production of bronchophony ; for the same reasons, 
also, pneumothorax is not characterised in every case by bronchophony, 
and in those instances in which it does occur it is heard only 
postfiriorly, where the collapsed lung lies close to the spinal colonut, 
whilst anteriorly and laterally the voice is weakened or suppressed 



Physical Cause of Bronchophony. 

The cause of Bronchophony is to be found in the superior 
sound-conducting power of hnpcniwuhlc lung-tissue. This in- 
creased vocal resonance is never observed in the thorax in 
health, as spongj' expansible lung is composed of non-homo- 
geneous (dense and rare) media, namely, air and pulmonary 
substance, or the tissues forming the walls of the bronchi ; the 
vocal sounds are thus constantly refracted, and therefore 
weakened. But should these unfavourable conditions be re- 
moved by pathological processes which render a large part of 
the lung more or less solid, and so change it into a body of 
uniform consistence, the development of bronchophony is cer- 
tain. ^ — This theory, which was first started by Ljpnnec, and 
which has already been described in detail when treating of the 
causes of bronchial respiration, explains in a perfectly satisfactory 
manner all the phenomena of bronchophony. 

In accounting for both bronchial respiration (see p. 136) and bron- 
chophony Skoda combats the idea that either of the phenotnena arises 
from the better conductioa of the voice-sounds through the dense pul- 
monary parenchyma ; the tncorrectuess of his views on this subject, 
however, has been shown on the above-mentioned page. This, never- 
theless, seems to he the moat fitting place in which to discuss fully the 
theory of constintmce, which Skoda brings forward as the cause of 
bronchophony in all cases in which it occurs. He developes his theory 
in the following way ; — 

When tlie voice as heard in the thorax has the same intensity as at 
the point at which it is formed (the larynx), we have to do with a con- 
dition which must obvionaly have its origin ia one of two ways : either 
the voice is coucentrated whilst being propagated from the larynx to 
the ear of the observer, — the principle on which the speaking-trumpet 
is coDstructed, or it is reproduced and intensified by consonance. 



A 




CAUSE OF BBONCHOPHONY. 



178 



Shoold the Toiee be lotuhr m the thorax than over the laiyox the con- 
clusion that this change is the renult of consonance is wiavoidalile. — The 
Toice as it issues from the mouth i* augmented in volume and force by 
consonance, the shock of the original sound generated iu the larynx 
throving the air in the buccal and nasal cavities into bimuttaueous 
vibration ; closure of the mouth and nose, also, produces an immediate 
alteration in the timbre of the voice. Tbe vocal sounds mnat further 
consonate in the air of the trachea and bronchi in tbe same way as in 
the air-spaces just mentioned (the pharynx, mouth, and nose) ; this is 
clearly indicated by tbe pulsation of tbe trachea in speaking. But this 
vibration is not traoBmitted dlroctly through the walls of tho larynx 
and trachea to the bronchi, this being prevented by the dissimilar 
Btraetare of these parts, otherwise bronchophony should be beard over 
the whole of the thorax ; the voice can therefore consonate only in the 
air of the bronchi, and that only when this air ia pent np in an enclosed 
space, as in the soanding-board of a stringed instrument. In fu^nmil 
circumstances, however, the bronchi constitute but very imperfectly 
enclosed spaces, their parietes being composed of non -homogeneous 
tlMoee ; thus, whilst tbe trachea and its two primary divisions are 
tabes of a perfectly aniform cartitaginons strncturCr forming chambers 
well adapted for the manifestation of consonance, tbe bronchi immedi- 
ately beyond are not surrounded on all sides by complete rings, their 
walls being strengthened only by small cartilaginous plates, which 
become fewer and thinner the further the ramifications of the bronchi 
are followed out, and tiniilly disappear entirely in the bronchioles. The 
voice in these bronchi, therefore, becomes progressively weaker and is 
nltimately almost lost to tbe ear, its sonoroas waves being broken up 
and dispersed through the substance of tho lung and the thoracic 
parietes. But if tho walls of the bronchi become more solid, and so 
acquire a xmiform stractare, by morbid processes which condense the 
pnlmonary parenchyma and render it void of air, the air-passages are 
transformed into closed spaces, sarroanded by dense rigid parietes, and 
present then the most favourable conditions for the development of 
snsonance of the voice ; that is, tho air w^ithin them is caused to 
'■vibrate by tho voice, and the vibrations so aroused are reflected by the 
firm walls and go to add to the force of the originally feeble waves of 
sound proceeding from the larynx. Intensification of tbe voice in this 
Buuiner furnishes at least <mt explanation of the fact that it ia occa- 
aionally andible over the thorax even in the presence of conditione 
which hinder its free transmission to the surface ; bat it seems pro- 
bable also that these reinforced voice-waves excite the surrounding 
airless dense tissue to simultaneous vibration, exactly as in the case of 
tbe walls of the larynx, so that the voice reaches the ear of the 
aoscoltator unimpaired in ijittvisiti/. 

In the first place it must be slated that the circumstance on which 
this theory is chiefiy founded, — that the voice in tbe thorax is, onder 
certain pathological conditions, louder than over the Jdri/njr, — is one of 
exceeding rarity, and one the existence of which seems to mo, in com- 
mon with many other observers, to be open to doubt ; but even if such 
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cases do occnr they offer no conclusiye proof that the voice as gene- 
rated in the larjni is iceaker than that heard over a pulmonary cavern 
ur consolidated lung-tissae, as in auscultating over the laryni only a 
portion of the laryngeal voice-waves which pass in a downward direc- 
tion in the air-passages is coUocted in the tube of the stethoscope, 
the latter being placed perpendicularly on the surface, — an unfavour- 
able position for recoiving the whole of the sound- To ascertain the 
real strength of the laryngeal voice it in necessary to auscultate in 
the mouth, and here the voic« is found to have such a degree of 
inteneity us it never has over the thorax. And Skoda's argmnent 
that the same obstacles are encountered in the propagation of the 
voice through the thoracic parietes as through the wall of the larvni, 
is inapplicftblo to very large and superficial caverns, — and it id only in 
Bach cavities that very loud bronchophony is heard, — as in these 
the waves of sound reach the ear undiminished in intensity, being 
transmitted in the direction of the periphery of the lung, that is, 
exactly in the direction of tlie stetlioscope (Wintrich). — Further, the 
assertion that tho vibration of the larynx in speaking is communicated 
only to the column of air enclosed by the bronchi, is incorrect ; the 
walls of the bronchi also are caused to vibrate. — Apart from these 
considoratioDB, on purely physical grounds, the theory of consonance ia 
rejected by many authorities (Wintrich, Schweigger, &c.) as antenable 
as an osplanuticin of tho causation of bronchophony in most of tho 
cases in which it is observed. Thus, in enclosed spaces the air can 
consonate only with tones whose sound-waves are of equal length, and 
therefore of equal height, that is, usually with only otw tone, the fun- 
damental tone ; and further when this fundamental tone is characterised 
by a certain degree of intensity conBonance may take place with those 
Bounds to which it bears a harmonic relation (1 : 2 : 3 : 4, &c., that ia, 
ita octave, its twelfth, its double octave, &c.) — in other words, with its 
higher harmonic unuuils. 

Skoda is also of opinion that the air- containing spaces in the 
Ixmgs cannot be properly compared with those formed by closed tubes, 
which are capable of entering into consonance only with certain 
sounds ; he holds that the bronchi, or pulmonary excavations, are 
rather " air-spaces of very varied form and structure, differing widely 
as regards their mode of communication with the larynx, so that the 
number of their consonating notes muet of necessity be large, and that the 
compass of tho voice in upeaking is not sn great that enclosed spaceiS 
of BO exceedingly diverse conformation are unable to supply the 
appropriate harmonic sounds." — This, however, is a somewhat forced 
argument ; if euch spaces, adapted to the production of consonance 
with any tone whatever, really existed in the lungs, the thoracic voice 
at parts corresponding to the situation of pulmonary cavities should, 
even in Bpenking, and still more when tones of difierent pitch are 
sounded, show great differences in intenaity according as the original 
tone is or ia not in unison with the proper tone of the cavity. Bnt 
this is not usually the case ; it is only in very large excavations, (bat 
□ever in simple consolidation of the lung), that signs are observed 
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which point imqueBtionably to the presence of consonance of the voice 
in the Inngs. Sach an indication is the formerly-mentioned (p. 170) 
ringing metallic quality acquired by the Toice-sonnds, amphorophony, 
beard when single words are spoken in a tone of a certain pit«h. The 
applicability of Skoda's consonance-theory is therefore limited to the so- 
called metallic (amphoric) pheJiomeoa which may accompany the voice, 
the ooagh, the respiratory murmur, and rules (see pp. 189 and lo6). 

iEoOPHONY, 

This term is employed to designate a peculiar tremulous, in- 
terrupted quality of voice, which iu timbre resembles the bleating 
of a goat, the uasal twang of the human voico when the nostrils 
are closed, or tbe sound produced by speaking against a corab 
which is coverctl with paper and huld in front of the teeth ; it 
very frequently creates the impression also as if it came from a 
great distance. It is very commonly met with in cases of mode- 
rate pleuritic exudation, {not if tbf effusion be exceedingly abun- 
dant or of very small amount), and usually towards the upper 
margin of the fluid ; it is most often heard in the space included 
between the axillary line, the inferior angle of the acapula, and 
the vertebral column. All iho sounds uttered by the patient do 
not assume the bleating character, and those which do so have 
not all the same timbre. When such a change, from the bleating 
to the non-bleating voice, takes place in pleurisy, the former is 
higher iu pitch and seems remote from the ear, the latter deeper 
and closer to the ear. 

-Egophonj lasts, in some cases, for a considerable length of 
time, when the condition which gave rise to it, the presence of 
exactly the requisite amount of fluid iu the pleura, undergoes 
no change ; but it quickly disappears on increase of the exuda- 
tion. 

^gopbony is most probably produced by the vibration of the 
walls of the flattened, compressed bronchi ; this vibration is 
excited by the voice, and transmitted to the thin layer of fluid 
which, at the upper paii of the exudation, lies between the lung 
and the chest-wall. This tremulous movement of the sides of tho 
bronchi gives the voice-sounds a quavering, interrupted character ; 
and as they have to pass through a fluid medium to reach the 
surface they lose in clearness and precision, and acquire the nasal 
twang. 

The diagnostic signification of ocgophony, so far as it reveals 
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the physical condition of the pulmonary substance in plenrisy 
with exudation, is the same as that of bronchophony, of which, 
indeed, it is simply a modification. It is not unusual to find 
ffigophony and ordinary bronchophony in the same patient, and 
at points not far distant from each other. 

According to Skoda segophony occurs not only in cases in which 
there is fluid in the pleura, but also in the absence of such flnid, in 
some cases of pnenmonia, in caseons pneomonio infiltration of the 
long sabstance, with or without excavation, and sometimes even 
between the shoulder-blades of children in perfect health ; no satis- 
factory explanation has yet been offered of its causation in such 
circnmstances. 
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EXAMINATION OF THE SPUTA. 



Almost all diBeases of the organs of respiration are accom- 
panied by more or less considerable catan'h of the bronchial 
xnacoaB niemlirane, tho secretions resulting from which, are 
expelled by amghing. This coughing is characteristic of the 
expectoration of fluids secreted by tho lining membrane of the 
respiratory apparatus proper, thoBe from the pharynx or naree 
being got rid of by a quick, hawkiug expiration. Expectoration 
may also be entirely wanting at various stages, or during the 
whole course, of the pulmonary affection ; its absence therefore 
does not exiiudi\ nor does its presence prove, the existenee of 
disease of the respiratory organs. Still another source of error 
has to be guarded against ; the secretions may pass downwards 
&om the fauces or nose into the larynx, and are then naturally 
discharged by coughing. 

The sputum in the different diseases of the longs consists of 
very diverse morphological and amorphous elements, by which 
its appearance and general characters are so modified that a rough 
estimate of its composition may usually be made even on exami- 
nation with the naked eye, though its exact constitution can be 
H^-^--^mined only by means of the microscope. 
Epithelium. The expectoration usually contains pavement 
^^/^v^elium, more seldom columnar epithelium, most rarely of all 
ciliated epithelium. 

The pavement I'pithdhim may be derived from the upper por- 
tion of the air -passages ; it usually comes from the buccal mucous 
membrane, however, and is mechanically mixed with the sputum 
in the passage of the latter through the month. 

It is easily recognised by the polygonal outline of the indiytdual 
oelb, by their size, and their large nucleus. 

Epithelium of this kind is most abundant in tho eputa of those 
TOffering from catarrh of the pharyni and mouth. Tho epithelial 
cells of the deeper layers of the buccal mucous membrane are more 

N 
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flattened, have a very indistinct nacleuB or none at all, resemble more 
the cells of the epidermis, and are in no way distinguishable from the 
pavement epitbellam of the upper part of the air-passages. 

Columiiar epithelium is somewhat rare as a constituent of tlie 
sputum, though the air-passages ore lined with it from the larynx 
down to the finest bronchioles. Its attachment to the mucous 
surface is of the moat intimate nature, severe catarrhal swelling 
of the membrane, or even destructive morbid processes, being 
insufficient to separate it in any quantity. The fpithelimn of the 
pulmoiiary alveoli occasionally, though rarely, appears in the 
sputum. 

Ciliated columnar epithelium is very seldom present in the expecto- 
ration in diseases of the air-passagos ; it is found oftener in catarrhal 
secretions coming from the mucuus membrane of the nose and the 
sinuseB connected with it. 

2. l*us corpuscles (colourless blood-eorpascles). — These are 
simply the white blood'Corpuscles, which pass through the walls 
of the capillaries in inflammation (Cohnheim); they occur in 
variable proportion, according to the intensity of the catarrh 
or inflammatory process, and are sometiraea so abundant as to 
form the sole representatives of the morphological element 
in the expectorated jnatters. The sputum acquires certain mac- 
roscopic characters, which vary with the amount of pus present ; 
it is thus rendered more or less opaque, and yellow or yellowish- 
green in colour. 

Besides pus corpuscles there may usually be recognised in the sputa 
mucv« corpuscles, shmnkes or fatty cells, ceU-naclei, and granular 
masses. " 

3. lied hUMtfl-etirfyutclfs. — Blood is ex]>cctoratcd sometimes 
merely in traces, at other times in more perceptible quantity, and 
occasionally so abundantly that it seems free of any iutermixtnre 
with other matters, and itself to constitute the whole of the 
spatum. 1 he presence of even the .smallest trace of blood is 
generally iudicaicHl by it* colour ; but if the tinge be so slight as 
to leate any doubt, tlie question may be easily settled by micro- 
scopic examination. 

Blood-corpuscles in the sputum exhibit their normal histolo- 
gical form and colour, as they are placed iu precisely similar con* 
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ditions as while still in circulation, that is, they are in a fluid of 
alkaline reaction and containing alkaline salts. No distension 
or discoloration of the corpuscles takes place, therefore, from 
absorption of water ; it is only when the quantity of blood present 
is very small, and the proportion of water consequently large, 
that the phenomena of diflFusion are observed. 

4. Dt'bn^ of lunij-tinsuf. — EUutic Jxhtt't. These are met with 
in the sputum only in those diseases which involve destruc- 
tion of the tissue of the lungs and bronchi, — caseous pneumonia, 
bronchiectasis with ulceration of the bronchi, and pulmonary 
abscess. The portions of sputum in which they are suspended 
may often be distinguished, by their dull grey opaque colour, 
from the clearer mass of the expectoration. On being allowed to 
stand for a short time in a vessel they sink to the bottom with 
the heavier constituents, which are generally free of air-bubbles. 
The elastic fibres appear either as isolated, detached filaments, 
or collected into bundles, and these may be either straight or 
coiled and twisted ; occasionally, also, they are interlaced after 
the fashion of trellis-work, or are so perfectly meshed as to closely 
resemble a net, and in the latter case present exactly the appear- 
ance of the fibrous framework of the alveoli. They are brought 
markedly into prominence by their dork colour when under a 
powerful light, particularly on the addition of acetic acid, which 
renders the rest of the tissues more transparent but has no effect 
on the elastic fibres. 

The presence of elastic fibres may generally he regarded as 
diagnostic of phthisical disorganisation of the lungs, phthisis 
being the most common of the pulmonary diseases leading to 
destruction of tissue. Lung-tissue, however, occurs also in 
the sputum in cases of pulmonary abscess, of ulceration of the 
bronchi, and of bronchiectasis, but not, or only for a short time 
and in smaU quantity, in cases of gangrene of the lungs. In 
the last-named affection the elastic fibres are destroyed by the 
action of some imperfectly known substance, which is apparently 
of the nature of a ferment (see p. 203). 



The discovery of tbeso fibrca in the expectorated matters in phthisis 
gives no indication as to the exact scat of the morbid process ; they 
may come either from the walla of the alveoli or from those of the 
finer bronchi. The distinction which was formerly made, according to 
which the long, straight or slightly coiled fibres were supposed to 
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6. Crystals. — Thoae which occur most frequently in the sputum 
are the crystals of the fatty acith, which, though formerly 
thouf^ht to bo simply margaric acid, are now known to consist 
of a combination of palmitic and stearic acids. Under the micro- 
Hoope, with a magnifying power of 300 diameters, they have 
the appearance of lonfj, glender, colourless needles, lanceolate^ 
in shape, usually straight, sometimes curved, and occasional!] 
also somewhat varicose. They are sometimes observed singly, 
detached from each other, at other times grouped in tufts oTJ 
sheaves. In the sputnm they are always found adhering to shredi 
or masses of matter of a dull greyish colour, and of exceedingly 
offensive odour. These shreds are met with in the expectoration 
which comes from gangrenous or bronchieetatic cavities, and 
in that of putrid bronchitis. The presence of crystals in the 
sputum is thus indicative of some morbid process involving 
destruction of tissue; they are observed, similarly, in gangrenous 
discharges from other parts of the body. They were first 
demonsti'ated by Virchow.^ — ^Their microscopic appearance is so 
characteristic that they can scarcely be mistaken for anything 
else ; when the needles happen to be curved, however, they 
resemble somewhat closely the elastic fibres formerly referred 
to. In the latter case their chemical reaction serves to dis- 
tingaish them at once ; on the addition of chloroform or ether, 
the needles are ijuickly and completely dissolved, while the elastic 
fibres undergo no alteration. 

Another kind of microscopic crystals, having the form of 
elongated, very pointed octohedra, of rhombic plates, or of fine, 
sharp, spindle-shaped bodies, has been found in the sputum in 
various diseases. They are colourless, the largest O'Ol — 0*02 
mm. long, the smallest visible only under a manifying power of 
500 diameters. Their chemical nature is still obscure, though 
they are supposed to l>e of organic origin. They are insoluble in 
alcohol, and may therefore be preserved in spirit ; but con- 
centrated acids aud alkalies dissolve them rapidly. They resist 
also for a long period the disintegrating action of putrefaction. 
These crystals, which were first noticed by Charcot, and with 
which his name is now usaally associated, occur very frequently 
in leukaemia, — in tlie spleen, the blood, and the marrow of the 
bones. They may also be seen, and apparently not unfrequently, 
in the sputum in various affections of the bronchi, in chronic 
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broncbittl catiirrh, in pulmouary emphysema, iu the expectorated 
emsts in bronchial croup, but relatively most often in brouchial 
asthma, (as in six out of seven casea investigated by Leydeu) 
particularly during, and immediately after the attacka, not 
funally in the free intervals. 

Lcyden thinks it not improb&bk that these cr^'stals are the direct 
c-aases of the dyBpnibal seizure ia hronchial aathma, hta hypothesis 
being that they irritate tho terouQations of the vagUH in the mucous 
membrane of the air-passages, and in thnt way, by reflex action, give 
rise to spasm of the finer bronchi ; the remissions would thiis follow 
the expectoration of the crytitaia, and the patient would have ease till 
the renewed formation of crystals produced another attack. But in 
a great many cases, in which there is no preceding dyspuceal seizure, 
■nch crystals are found in the spatum, as Zenker observed in his own 
case, and in two iastauccs of bronchial croup, in which the crystalline 
masses were incorporated ia the hbrinous casts, embedded chietly in 
their periphery. 

Other crystalline formations also are occasionally seen in the 
sputum : luDHiftoiiliit, for instance, ocnrring as rhombic rods or as 
■lender needles arranged in tufts, in cases of bronchiectasis, of 
•mpyema and peritoneal or hepatic abscesses which have opened into 
the bronchi ; cr}'stals of chulesterin, in cases of pulmonary abscess or 
empyema penetrating the lung, and sometimes ia the phthisical 
sputum ; lijrmitt, also, is met with in the expectoration in putrid 
bronchitis. 

7. Ftingotis firou'ths.— The parasitic fungi which occur in 
the sputum are the thalli and sporoa of the Lcptothrix buccalis 
and the thrush -parasite (Oidium albicans), and in rare eases 
Sard nee. 

"When the buccal cavity is lined with fungous growths, such as 
the more common and widely-distributed oidium albicans or the 
leptothrix buccalis, these parasitic vegetations frequently appear 
iu the sputum, being detached from the mucous membrane and 
mixed with the expectoration in its passage through the mouth ; 
in these cases their quantity is not great. — But such minute vege- 
tations, found in the sputum, may come also from the lungs : 

ey are sometimes transplanted from the mouth to the lungs, 
l>cing carried downwards by the inspiratory current of air ; 
there they grow rapidly, finding in the stagnant secretions of 
dilated bronchi and pulmonary cavities a soil which favours their 
development. — Leptothrix and oidium albicans are observed 
in the sputum iu putrid brouchitiB and gangrene of the lungs. 
It ia not improbable that the offensive decomposition of the 
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bronchial and cavernous secretions which is so characteristic 
of these affections is dne to the presence of fangi or of the 
bftcteria which gain entrance with them. It appears also that 
even in healthy rcepiratory orfrans, under certain conditions, the 
introduction of microscopic fungi is sufficient to excite a kind of 
putrefactive action leading to putrid bronchitis (Rosenstein). 

Large numbers of fungous growths, both thalli and spores, 
have been detected in the spntum in hooping-cough (Letzerich). 

On treating ench a sputum with iodino and concentruled sulphuric 
acid the lilaments asaume a beautiful blue colour, while the spores 
become brown. 

Letzerich regards these bodies as the cause of hooping-cough (?) ; 
the frequency of the epasmodic geizares, according to him, depends on 
the greater or less rapidity of the deyelopment of the vegetations and on 
the irritnbility of the affected part of the mncous membrane, while the 
disease becomee less severe as soon as an abundant secretion of mucus 
takes place, along with wbich the parasites are expectorated. These 
ftingi, taken from the sputum of a patient suffering from hooping- 
cough and introdaced (through a iistula) into the trachea of a rabbit, 
produced in the tatter catarrhal symptoms and a paroxysmal congh, 
and the sputum dlscbargod contained growths exactJy similar to those 
fontid in the original disease in the human subject. 

Multitudes of vlhriimes are also frequently observed in the 
secretion of bronchiectatic and gangrenous cavities, and in that 
associated with various other disorders. "\Mien discovered in 
large quantity in spntum recently coughed up they probably 
come from the respiratory passages ; they are found, however, 
in every sputum which has been exposed some time to the air.' 
Occasionally, also, they are mechanically mixed with the expec- 
toration in the mouth, being abundantly developed in the tartar 
which loads the teeth of those who do not regularly cleanse the 
mouth. 

In a few cases of phthisis (recorded by Yirchow, Cohnheim, and 
Heimer in Ziemssen's clinic) Sarcin't have been seen in the sputum 
and in the lungs in considerable niunbers, while at the same time no 
trace of their presence in the stomach was discernible ; they were 
fonnd in none d( the o4her organs and were of verr small size.* 

KfhJHitcocetu mw'pfx, whole or in fragmoiks, occur equally rarely in 
the aputum. When present they may proceed either from the Uver, 
▼hen a hepatic hydatid cyst, making its way through the diaphragm 
into the lung, perforatec a bronchus, or from the long itself, when the 
parasite is primarily developed in that organ. — There are more than 
40 weU-antheotiesied eaaee in which hydatid veaieles were expeeto- 
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rated ; in only one ont of fourteen cases of hydatids that hare coma 
under my own observation was thifl symptom present. 

Particles of food, muscular fibres, grains of starch, vegetable fibres, 
&c., which may all be nrridvutnUij mixed with the constituents of the 
gpntum, are so readily distinguished by microscopic examination that 
a particular description of them is unneoessary. 
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Amorphous Elements of the Sputum. 

These constitute the basis of the sputum, and consist cliietty 
of mucus, albumen, and the watery fluids by which the mouth is 
kept moist. 

Mucus (Mucin) is the proper secretion of the bronchial mucous 
membrane, and is present in every sputum. It is of varying 
consistence, being sometimes fluid, and at other times more 
•viscous and capable of being drawn into threads ; to the naked 
eye it is transparent. The chemical test by which it is most 
commonly distinguished is the formation of a cloud or precipi- 
tate on the addition of acetic acid. — The presence of mucus in 
the sputum has absolutely no diagnostic significance ; persons 
in perfect health expectorate more or less of it every day, and in 
all forms of lung disease, from the mildest catarrh to the most 
fiCTcre afliections, it is a constant constituent of the secretion- 

Water, also, forms a considerable part of all sputa. The more 
abundant it is the more fluid is the expectoration. The water is 
commonly supplied by the mucous hning of the mouth, and in 
that case contains also some pavement epithelium ; in certain 
other cases it comes from the air-passages, (when the bronchi 
are flooded with a profuse secretion of serous fluid), or from the 
pulmonary aveoli, (as in oedema of the lungs). The sputum in 
bronchial catarrh is at first thin and aqueous, but subsequently 
becomes more tenacious and deficient in water. 

Albumen occasionally enters into the composition of the 
sputum, and it is always more abundant the severer the inflam-* 
m&tion of the air-passages or pulmonary substance. It is present 
in greatest quantity in cases in which there is plastic exudation 
into the parenchyma of the lung and into the finer bronchi, — 
that is, in pneumonia. — Albumen is detected by acidulating the 
alkaline sputum with acetic acid, filtering, and boiling, or by 



adding nitric acid : in both cases the albumen is coagulated. 
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General Classification of Spdta. 

Biermer arranges tlie spata into the following groups, accord- 
ing to the nature of their principal constituent and the pre- 
dominance of one or other microscopic element, conditions which 
are usually more or less easily distinguished even with the 
naked eye. 

1. The mucfttis gputnm. This consists almost exclusively of 
mucus, and is frequently brought up by perfectly healthy indi- 
'viduals, and in the earlier stages of bronchial catarrh. 

2. The muco-pnruU'nt sputum, containing mucus and pus- 
cells. The latter constitute the sediment which falls to the 
bottom of the crachoir when the sputum is allowed to stand a 
short time, whilst the mucus and the air-bubbles usually 
scattered through it occupy the upper part of the vessel, floating 
on the top of the water. The miseihility of these sputa with 
each other depends on their consistence ; they either ran 
together, forming a thin, uniform fluid, or fail to coalesce, 
being divided into numerous viscid, globular masses. They 
occur both in simple bronchial catarrh and in every other affec- 
tion of the bronchi and of the substance of the lungs, and are 
consequently the most common variety of sputum. 

8. The purulent sputum is homogeneous in character, has 
exactly the colour of pus obtained from an abscess, is thick, 
though not capable of being drawn into threads, and sinks to 
the bottom of the expectoration -glass. Microscopically it is seen 
to consist almost entirely of pus-cells. — It is derived from sup- 
purating pulmonary vomica?, or from a pleural cavity tilled with 
pus, which perforates and discharges through a bronchus (em- 
pyema). — A purely purulent sputum is somewhat rare. 

All sputa, may, with more or less justice, be included in these 
three groups, as all contain mucus or pus. But when, in 
certain circumstances, other constituents come into decidedly 
greater prominence, in respect either of their quantity or their 
morbid significance, the term by which the sputum is designated 
is determined by these ; a good example of this is found in the 
sanguineous sputum. 

This claesificntion of the spnta into mncouB, maco-pamlent, pom- 
lent, and sanguineous, has this practical advantage, that the element 
most characteristic of the secretion m the individual case is at once 
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and plainly expressed. It is obvions, however, that it is only approii- 
zuately, and in a Buiall proportion of the cases, that the origin of the 
particular spatum and the nature of the disease which gives rise to it 
are indicated by these terms. A strictly accurate estimate of the 
nature and diagnostic importance of the sputa is possible only on 
taking into consideration a number of other signa, which are now 
about to be discussed: these are the form, consistence, weight, colour, 
odour of the sputum, and very speciaily the presence of tlio formerly- 
mentioned histological elements (fragments of lung-tissue and patho- 
lo^cal products). 



Physical Characteeb op the Sputa. 

Consistence of the sputum. This varies within very wide 
limits, all intermediate conditions being met with, from a con- 
sistence almost watery to that presenting the utmost derrree of 
riscosity. The tougher the sputum the firmer is its consistence; 
the mucous and muco-purulent secretions, therefore, attendant 
on acute bronchial catarrh and the parenchymatous diseases of 
the luugs, (the cavernous spata, for example), possess this 
character in a high degree. — If the sputum be deficient in 
macufi, the substance which binds together the various histo- 
logical elements, it becomes less coherent ; the simply purulent 
sputum is thus much less tenacious than the muco-purulont 
form. — Persistent expectoration of very viscid sputum points to 
a state of intense irritation of the bronchial mucous membrane. 

The form nf the sputu/ti depends on its consistence. Very 
fluid sputa, such as the serous expectoration of pulmonary 
oedema or the purulent discharge from a pulmonary abscess or 
an empyema which has perforated on© of the larger bronchi, do 
not remain separate but become intimately blended with each 
other in the crachoir, forming a homogeneous mass ; very tough 
sputa, on the other hand, are irregularly globular in form, while 
less tenacious secretions become somewhat flattened or num- 
mular. Mucous and muco-purulent sputa sometimes coalesce, 
and at otlier times assume various shapes determined by the 
greater or less consistence of the mucus. The spherical or num- 
mular form prevails in the muco-purulent sputa proceeding from 
phthisical cavities, the configuration of each sputum being the 
more distinctly preserved the less the quantity of fluid bronchial 
secretion subsequently mixed with it. If the latter be very 
abundant, the circular, coin-shaped sputa, at first quite distinct 
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from tlio catarrhal gccrotion, unite ■writh and are ultimately 
uniformly diffased through the homogeneous layer of macns 
after standing some time in the vessel. 

Weight of the gpuUi. The denser the sputum, and the fewer 
the air-bnbbles it contains, the greater its weight. Sputa, 
therefore, of firm consistence and free of air sink to the bottom 
of the glass, while those of more fluid consistence and full of air- 
babblea float about at the to2>. Sputa which sink in water pre- 
serve their form (cavernous sputa) ; the other less dense varieties 
soon break up into several layers, the lighter elements, air and 
mucus, swimming on the surface of the water, the heavier con- 
stituents, such as pus-cells, subsiding and forming a sediment 
at the bottom. The weight of the sputum thus indicates only 
its consistence, and usually also the elements which enter into 
its composition, but gives no clue as to its origin ; the expecto- 
ration observed in bronchial catarrh in the stage of resolntion 
may be just as heavy as that secreted by a pulmonary cavern. | 

The qiuvitity of the ftptiium is exceedingly variable, in the 
ucute as well as in the chronic diseases of the respiratory 
apparatus. Occasionally in the course of acute affections there 
is absolutely no sputum, and in chronic disorders also it may be 
wanting for a considerable period. In the severest types of 
disease the quantity of matter expectorated may be very small, 
while in much less grave affections it may be extremely great. 
General rules, therefore, with regard to the prognostic value of 
inerease or decrease in the amount of the sputum in the different 
diseaaee of the respiratory oi^ans cannot be laid down. Never- 
thelefls, the following may be accepted as a generalisation, so far 
as this is possible, of what is known on the subject : in aonte 
bronohitiSy hooping-cough, and pneumonia the expectoration 
beeomes more abundant, — and is then often a critical indication 
of the approaching termination of the disease, — simultaneoasly 
with the disappearance of the difficulty with which it is brought 
mpi and irfeen it begina to aaaome man definite shape and con* 
sistence : each exaoerbation of tbe aB«c4kw, on the other hand, 
materially dimimabea tbe amoaat of tbe previously profuse 
seoretioB, wbUe tbe difficulty and p^in of expeetoratioQ increase, 
aad Ibe apvtem Mfoarw gi»lin density. When, in acuta 
diassssa (bnaebHia nd fanmrntmi^ for instance), the expecto- 
ration beoomee acautkr or fiails ahofsUier, while at the same 
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time the morbid process is obviously extending and increasing 
in severity, and while auscultation shows that the bronchi are 
loaded with an accumulation of fluid, we have direct evidence of 
a lowering of the irritability of the sensory terminations of the 
Tagus in the lungs, or of the profound exhaustion of the patient; 
this sign is therefore one of grove import. The stertorous 
respiration of the dying, accorapanitid by rattling sounds pro- 
duced in the chest and audible at some distance, furnishes the 
most familiar example of this condition. 

It is in Broitchitrtasis, of all diseases of the respu'atorj' appa- 
ratus, that the largest quantity of expectoration is discharged at 
one time. This fact, in the absence of such other signs as 
would establish the diagnosis between this and like conditions, 
becomes a criterion of the first importance. The expulsion of 
fleveral tablespoonfuls, and often more, of & muco-purulent, 
foetid secretion, as the result of one effort of coughing, is far 
from uncommon in this afifection. — In like manner the bursting 
of a pulniunary nhscfss, or of a purulent pleural cxitdtitifm, into 
one of the larger bronchi, is marked by the sudden evacuation of 
S large quantity of purulent, homogeneous sputum. 

Odour of the sputum. This is quite wanting in very many 
cases, or is at most faint and of a somewhat mawkish or mouldy 
character. The sputa in pulmonary abscess, bronchiectasis, and 
patrid bronchitis, have a decidedly foetid odour, that of the dis- 
charge in gangrene of the lungs being extremely offensive. In 
the latter case the expired air is already considerably tainted 
even before any trace of a disagreeable smell is perceptible in 
the sputa. The fcetor is caused by the gangrenous putrefaction 
and disorganization of the tissues. 

Putrefying fragments of food, such as those which adhere to the teeth, 
may communicate this offensive odour to the sputum in its passage 
throngh the mouth. Caries of the teeth, and eflpecially certam affec- 
tions of the mouth, are npt to produce the same rosalt ; it is from 
ibis source that, in the last stages of phthisis, in which various 
disorders of the cavity of the mouth, associated witli the development 
of fungous growths, are so common, the sputa derive their odour of 
putrescence. This is lost when the expectoration has stood some 
time in the vessel. 

Colour of thk Sputa. 

A slight coloration, varying from white to yellow or yellowish - 
green, is given to the sputum by the presence of a large number 
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of pnB-cells. A deeper tint is usually dne to the admixtare of 
the colouring-matter of various tissues ; these are, enumerated in 
the order indicated by the frequency of their occurrence, the red 
cfllonriug-matter of the blood and its different modificatioDB, the 
biliary colouring-raatter, and a black pigment. 

Eed, SiNGuiNEors Sputa. 

These consist either of blood alone, or of Wood and other 
elements intermixed. 

1. A sputum composed solely of blood, and expectorated in any 
considerable quantity, is invariably the result of rupture of some 
of the vessels of the lungs. The amount of blood thua lost at one 
time is very variable ; it may be only a teaspoonfulj or as much ai 
several tablesi>ooufuls, or even morc- 

Htrmnpttfsis frequently occurs at the outset of pulmoaary phthisiB, 
at a time vben the physical signs of the ad'ection are still undeveloped; 
or it may take place, either once or repeatedly, in the course of the 
disease. Hicmoptysia may also be caused by afl'ections of the cardiac 
valves, when these lead to overloading of the puSmonary circulation ; 
an example of this is seen in iucmorrhaijic itifarction of the luagB fol- 
lowing lesions of the mitral valve. 

Blood effnKed into the lungs is for the most part coughed up 

immediately after the haemorrhage.* 

This fact afiTords one of the readiest means of distinguiahing pulmo- 
nary hfemorrhage from htematemesis (in cases of round ulcer of the 
stomach, carcinoma, kc), the blood in the latter case being rejected 
by romitituj. The brujht red colonr, the fiitid comlitii^n, and J'rothif 
appearance of blood proceeding from the lungs, are farther points 
xvhich aid in establishing the diagnosis, blood coming from the stomach 
being usually dark reddish broira or chocolate- brown in colour, having 

* Whetiier the Ulood rcmuniDg in the alreoli and ultimate bronchi after pulmoouy 
hsmonhage, wh«n not entirely abxyrbed, excites inflaniniatioa and becomes the atarting- 
iwint of caseoaa infiltration (F. Niemt'jrer], ia attll a diaputed question. It has been 
cUnicallj proved (Trctube) that after the lapse of a certain time no trace of bleeding 
is diaoorerable in the langs. Experiments on animals give different resnlts accoiding 
aa the blood injected peoetntet only to the finest bronchi or reaches the alreolL 
Should tho blood not go beyond the air>tabes its absorption is completed within twelT« 
boon, and no inflammation follows (Perl and lipmann) ; if it be toned into the alnoli, 
b owOTsr, catarrhal pneumonia is set np, which, in healthy animals, ends in reeolation 
(BooiMiforodt), bnt in men placed under unfavourable conditions (men of feeble coo- 
atitation, Ac.), results in caseous infiltration and phthisis. That hemorrhagic infaic. 
tions in cases of cardiac disease never give rite to catarrhal pnenmonia is probably 
in some way connocted with the immunity from phthisis which the mbjects of ( 
of the heart asem to ttjoj. 
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a close resemblance to coJ'ei'-iiroundM, and sometimes, when it has 
remained some little time in the stomach, forming clots in which are 
embedded fragments of food. — The mere external appearance of the 
blood, however, does not always furnish sufficient data on which to 
found an opinion regarding its origin. On the one hand, hlood 
ponred into the lungs may be retained there for some time, lodging 
particularly in dilated bronchi or in pulmonar}' cavities, when it 
becomes much darker in colour and is slightly coagulated, being thus 
not unlike that discharged in hfcmatemeais ; blood effused into the 
stomach, on the other hand, may be vomited immediately after 
escaping from the ruptured gastric vessels, when it has no longer tho 
appearance above described, bnt resembles rather blood coming from 
the lungs. And finally, blood flowing from the nose, mouth, or 
pharynx, may, during sleep, pass through the larynx and into the 
bronchi, when it takes on a brighter red colour and receives a certain 
admixture of air, and as it is eventually brought up by coughing it 
may possess all the characters of blood originsdly extravasated in the 
lungs. In such cases the soorce of the hscmorrhage can bo deter- 
mined only on consideration of the patient's previous history and of 
the results of careful physical examination. 

2. BloocI may be mingled with the sputum in various propor- 
tions, intimately, or iu streaks, or simply dotted through tho 
mass. In these cases the preisence of the blood need not neces- 
sarily be assumed to be due to rupture of any of the pulmonary 
vessels ; it may be caused by the passage of red blood-corpuaclea 
through the uninjured walls of the veseeiB (bleeding ^jprt/iajjctiea in; 
Cohnheim). 

The depth of tho coloratiou of the sputa is in proportion to 
the quantity of blood present ; whatever be the amount the 
fundamental colour is always red. 

I The lighter shades of red are produced by the greater or lesa 
predominance of the other constituents of the sputum; they 
depend also, to a certain extent, on the physical characters of the 
expectoration, varying according as the latter ia of fluid or firm 
consistence, mucous or purulent, or has become tainted by 
putrefaction, &c. 

The blood is the more iniitruitdy mingled with the other 
elements of the secretion the longer it has been in contact with 
them ; the more tenacious the bronchial mucus the longer the 
time necessary for the effecting of such a thorough blending of 
blood and sputum as is observed when the expectoration is vei-y 
thin (serous, for instauce). Tho diffusion of the blood through 
the sputum is most complete in cases of fibrinoua pneumonia. It 
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is only in very confined spaces, sacli as are presented by the 
alveoli and finest air-tubes, that a uniform and intimate mingling 
of pathological secretions and blood can take place. 

Blood disposed in streaks throu«h the sputum does not usually 
proceed from the pulmonary parenchyma but from the upper 
parts of the air-passages, and gives no indication, therefore, of 
the nature of the morbid process going on. — Sp/^cks of blood 
frequently appear in the sputum, both in the earlier and later 
stages of caseous pneumonic inBltration. 

The expectoration may also show by its red colour that it 
certainly contains blood, though at the same time no red blood- 
corpuscles can be detected under the microscope; in sach 
circumstances it is probable that the corpuscles have undergone 
considerable modiiicatiou, are possibly shrivelled up, and indis- 
tinguishable from the other figurate elements of the sputum, or 
that their disintegration has been complete and their colouring- 
matter in that way set free- 



Mbtamoephosis of the Colouring matter of the 
Sanodineous Sputum. 
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The longer the sanguinolent sputum ia retained in the bronchi 
the more marked and extensive is the change in colour which it 
undergoes. It first becomes gradually reddish-brown, then 
yellowish-red, and finally loses all trace of red coloration ; it 
subsequently takes on a yellowish hue, which deepens into 
saffron-yellow, yellowish -green, or even grass-green. All these 
tints are given to it by the stibstancea which arc produced by the 
hiijher axidationofthe eolourin()-maiter of the bUnxl (hoemoglobin) ; 
they represent the successive stages of that process, — a metamor- 
phosis which is often observed in parts in which blood has been 
effused under the skin. Green is the last of the series of colours 
displayed by the haemoglobin and its products when exposed to 
the continued influence of oxygen. — So long as the colouring- 
matter remains unchanged, and the expectoration continues 
distinctly and unmistakeably red, the blood-corpuscles are easily 
recognised, as they stiU possess their normal aspect and outHne; 
but immediately the process of oxidation begins they are more or 
less altered in appearance, or may even be completely disintegrated, 
leaving behind them no visible trace of their previous existence in 




the sputum, — The firat of the above-mentioned shades, reddish- 
hrowD or rust-coloor, is characteristic of the sputa in the stage 
of hepatization in pneumonia, while the yellowish -red, or citron- 
yellow, or saffron -yellow tints mitrk the stage of rosolution. 

Greenisk, or even grass-green, sputa (coloured thus, not hy 
biliary pigment, but by altered h(cmoglohin) occur sometimes in 
croupous pneumonia when it ends gradually (by lysis, not criti- 
cally) in perfect resolution ; in pneumonia also, which is followed 
by pulmonary abscesfl, and at the beginning of subacute caseous 
pneumonia (Traube). In all these affections the secretions are 
retained some time in the lungs, — usually for a period long enough 
to permit their colouring-matter to pass through uU the grades of 
oxidation and become distinctly green ; but in pneumonia of the 
ordinary tj-pe the sanguinolent sputum is coughed up and 
expelled before its hiemoglobin is so far changed as to become 
green, so that it is merely of a yellowish tint. 

Microscopic examination of green sputa reveals the preeence of 
yellow pigment, yellow pigmented molecules, and her© uud there 
yellow pigmented epitheUal Bcales. 

Sometimes in tbe warm summer months there is observed a peculiar 
variety of yellow sputum, the fu'i-i/otk eputum (Traube, Liiwer), in 
which the coloration seems to be due, nut to the presence of modified 
Liemoglobin, but probably to the development of fungous growths. 
The first Inice of it is usually noticed after the eputum has etood a 
short time in the ve»sol, and in the frothy layer at the surface ; it 
may appear in any sputum of a frothy, tenacioua character, and diaap- 
pears when the weather becomes cooler or when the expectoration 
undergoes further change. 

Under the micfo&cope this sputum is seen to contain numerous 
masses of spores, resembling closely the leptotbrix buccalis, and here 
and there also undoubted filaments of leptotbrix. It is from the 
larger groups of spores that the yellow colour is derived. These fungi 
are probably introduced mechanically into the sputum as it passes 
tlirough the mouth, and develope in tlie expectoration-dish under the 
favouring inBuence of beat. As the leptotbrix is naturally of a some- 
what yellow tinge, the colour is of course intensified by tbe multiplica- 
tion of filaments. Microscopic examination has shown, also, that in 
the mouth and between tbe teeth of those patients whose sputum was 
of this nature were lodged large numbers of leptotbrix tballi. Diag- 
nostically and prognostically this " egg-yolk " sputum has not the 
sUgbtest siguification. — Another variety of sputum, identical with the 
foregoing in microscopic and other characters, differing from it only in 
colour, — which was grass-green, was observed by Roaenbach in a case 
of bronchial asthma ; the coloration was developed only about 24 
hours after the sputum bad been expelled. 
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BiLiABT Pigment in the Sputum. 

The presence of biliary pigment communicates to the Bpulmn 
various shades of colour, from yellow to green or even to deep 
grass-green. In appearance, therefore, they are absolutely 
indistinguishable from the above-described yellow or green sputa 
which, as already slated, derive their colour from the products of 
the higher oxidation of their hEemoglobin. A yellow or green 
coloration of the sputum is kno^^Ti to be duo to biliary pigment 
only when the skin and mucous membranes have the same 
jaundiced hue, usually the result of a duodenal catarrh. The 
ordinary test for the presence of the colouring-matter of the bile, 
the occurrence of the well-known play of colours on the addition 
of nitric acid, is not satisfactory, as this same reagent produces 
a slight greenish tinge in the usually colourless mucous sputum. 

This complication, the association of icterus (duodenalis) with 
a disease of the respiratory apparatus, is met with in the bilious 
form of pneumonia, though not in every case of bilious pneumonia 
is the sputum also necessarily yellow or green. On the other 
hand, it may happen that any other aftection of the respiratory 
organs, simple bronchial catarrh, for instance, may be compli- 
cated by the occurrence of duodenal catarrh with icterus, when 
the sputum at once turns yellow or green j I have seen one well- 
marked case of this nature. 



Black Pigmented Sputa. 

The sputum may be blackened throughout almost its entire 
extent (a somewhat rare event), or only in certain parts. This 
staining is commonly caused hj jHirtidcs of carbon which have 
been carried into the air-paBsages and mixed there with the fluid 
secretions ; the greater the number of these particles the more 
intimate is their combination with the sputum and the deeper 
the shade of the black pigmentation. 

Quantities of carbonaceous matter are often seen in the 
sputum of those who are exposed to the habitual inhalation of the 
sooty smoke of a badly-burning lamp ; in such circumstances it is 
not unusual to find that the secretions coughed up in the morn- 
ing are black. Small quantities of snutl' also sometimes slip 
down from the nose into the air-tubes and are recognised in the 
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catarrhal secretion as minute black particles. This black 
pigmented sputam probably occurs most frequently among those 
who work in coal-pits. la all these cases microscopic examina- 
tion shows that the amorphous grannies of carbon lie loose and 
free in the sputum ; but they may also penetrate even into the 
substance of the lung itself, and are then incorporated with the 
epithelium of the air-vesicles and with the pulmonary texture. 

Accurate investigations, carried on by Traabe and Cohnheim, into 
the nature and surroundings of thia carbon-dust have provtd most 
clearly that it comes from \vitliout, and that it insinuates itBclf into 
the epithelium of the alveoli and into the interstitial tissue (in one cose 
it had reached oven to the bronchial glands) ; this is evident from the 
fact that the particles of wliich it is composed diU'er in no respect from 
those wbich float Jrei-hj about in the atmosphere. In one of the two 
eases observed by Traube the specks of carbon found in the sputum 
resembled exactly thofio which the patient bad habitually inhaled in 
the timber-yard in which he worked, their structural idonlity with the 
cellules of the pinus sylvestris being completely established. Eottcher 
has recorded an exactly similar case. 

Absolute proof, however, that fine powdery matters, conveyed into 
the trachea, may be carried downwards into the air-cells and may work 
their way even into the tissue of the lung, is furnished by the experi- 
ments of Slavjausky. Ue introduced a certain quantity of cinnabar 
into the trachea of several animals, and afterwards found the particles 
of that substance in the epithelium of the alveoli, some of them scattered 
irregularly through the cells, others showing a definite and orderly 
arrangement ; he discovered them also in the interalveolar septa, in 
the bronchial glands, and even in the blood, to which they had probably 
gained entrance through the lymphatic glands and vessels. 

There is, further, sometimes seen in the sputum, a black pulmonartj 
pigment {Melanin), in the form of Mad!, uniformhj jntptimtcd cdh. 
There is httle doubt that this Melanin, which dllTers from all other 
organic pigments in being insoluble in alkaline lye and in resisting the 
bleaching action of chlorine, in simphj inknied carUtn-duM, by which 
the pulmonary epithelium ia stained of a uniform black colour. Phihiris 
melanotii'a is thus merely a chronic form of pneumonia, excited by the 
Inhalation of carbonaceous particles. 

Besides carbonaceous matters other variously-coloured particles, 
such as the dust of cinnabar or iron, are found in the sputum ; these 
not only communicate their colour to the secretions bat also give rise 
to more or less serious affections of the air-passages and puImoDary 
parenchyma (catarrh, or chronic pneumonic infiltration], which Zenker 
classifies as " diseases from the inhalation of dust." To the cases of 
siderosis pulmonum recorded by Zenker may be added one of great 
interest reported by Merkel, in which the lung was of a brick-red 
eoloor from a deposit of oxide of iron ; the patient had been employed 

2 
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in a tile-work. Another patient, who hait worked in an altramaritie 
factory and had suffered from chronic bronchial catarrh, brought up an 
oxquisiteiy blue-coloured aputum. 

The Spcta in Diseases of the Aib-Passaoes. 

Catan'h and inflammations of the respiratory passs 
wliether seated in the lar3'nx or the larfrcr or smaller broncl 
ATo always attended by the same species of Bputam^ as all parts of 
the mucous membrane have exactly the same structure. 

At the beginning of an attack of catarrhal inHammation the 
Hputum is simply nmcous, consisting chiefly of a toagh, vitreoas, 
transparent mucus, with only a few figurate elements, — the 
mucua-corpuaclea ; in the expectoration-vessel it runs together 
and contains air-bubbles, and is therefore frothy and clear in 
colour. This is the sputum iriulum of the ancients. — At a later 
stage of catarrhal affections it becomes richer in cells, contains, 
besides mucus and mucus-corpuscles, a few pus-corpuscles, and 
is thus of somewhat firmer consistence ; as the inflammation 
abates the cell-elements are present in still greater numbers, the 
Hputa take the form of irregularly globular masses (the sputa 
cocta of the older authors) and aseiune a duU yellowish colour. 
Both these stages, marked by a mucous and a muco-puru- 
lent sputum, are observed in every catarrhal or inflammatory 
bronchial affection ; when the inflammation is of a croupous 
character, however, it is not sputum, in the ordinary acceptation 
of the term, that is expectorated, but chiefly the fibrinous bron- 
chial casts already described on p. 180. — In putrid bronchitis and 
in bronchiectasis, also, the sputum has special characters, given 
in detail on p. 202. 



The Sputa in Affections of thb Lung- Substance, 
The Sputum in Croupous Pneumonia. 

The three stages of this disease are usually characterised by 
three distinct varieties of sputum. 

1. In the statje of nigorgement of the lungs the sputa, if pre- 
sent, are very scanty and tough, are composed mostly of mucns, 
include numerous bubbles of air, and are therefore transparent ; 
they contain comparatively few morphological elements, are occa- 
sionally maiked by streaks or spots of blood, and are of no definite 
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shape when expectorateil. They conleaco in the receiving-glaeB, 
in which, on account of the large quantity of air enclosed in them, 
they float, forming a Bpumoiis luyer on the surface of the water. 
The blood, which is present only in minute traces, is generally 
seen only on the surface of the sputum, and is not intimately 
mixed with it. — The expectoration of such a sputum, beset with 
specks of blood, is a point of great diagnostic importance^ as by 
it pneumonia may be recognised some time before the physical 
signs of the disease are developed : lobular, central pneumonia 
is often first noticed, and distinguished from other acute affec- 
tions of the respiratory organs by this symptom alone. 

2. In the shiqe of hepatization increase of the plastic exudation 
in the alveoli and in the terminal bronchi is associated with a 
sputum more copious in quantity, exceedingly tenacious, less 
aerated, and more deeply tinged with blood : the latter is more 
intimately mixed with the mucus, and gives to it the rmt-coloar 
described as pathognomonic of the affection. The depth of the 
eoluration varies with the relative amount of the blood and the 
length of time it lodges in the alveoli and bronchi. Reddish 
brown or rusty sputa are thus obviously of less recent date than 
those which are bright red. In the former are found, on micro- 
scopic examination, numerous altered blood-corpusclcH, some 
distended, others shrivelled up and disintegrated, their colouring- 
matter being dissolved out and the round of oxidaiion-changes 
to which it is subject being already begun. The number of cor- 
puscles seen under the microscope, therefore, is by no means 
proportionate to the intensity of the colour of the sputa when 
looked at with the naked eye. In bright red sputa, on the other 
hand, the histological structure and the colour of the corpuscles 
are preserved intact. — The ti-nacittj of the sanguineoua pneumonic 
sputum is such that the patient has often the greatest difficulty 
in getting it out of his mouth : it adheres to the sides of the 
craohoir and does not flow out when the latter is inverted. This 
toughness, and the transparency of the sputum, depend on the 
presence of mucus ; increase of the number of the morphological 
constituents (blood-corpuscles and pus -cells) renders the sputum 
less transparent. The quantity of air, also, which is mixed in 
the sputum varies with the intimacy of the contact into which the 
respired air and the secretions are brought in the bronchi. 
GraduallVj keeping pace with the advancing consolidation of the 
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lung and the consequent greater abandance of the pus-corpusclea, 
the sputum becomes less and less tough and adhesiTe, and is 
thos less conEuent and more easily brought up ; it begins rather 
to take on a more or less distinctly nummular or irregularly 
globular form. 

Fibrinous doiSj also, are found in the sputum, and constitat^H 
one of its mo8t important elements ; their presence indicatel^^| 
that the terminal bronchi are occupied by the same plastic 
exudation that fills the alveoli (see p. 180). They may be recog- 
nised while still in the expectoration-diah, on turning up the 
latter and examining the secretion which clings to its sides. On 
separating and washing these portions of the sputum with water 
the fine arborescent ramifications of the casts may be seen under 
a powerful magnifying glass. — Towards the end of the stage of 
hepatization the secretions become more fluid and less transpa- 
rent, and the fibrinous coagula increase in numbera ; the blood 
present in the sputum diminishes in quantity, its colour deepens 
into a dark reddish-brown, and in the event of there being no 
new exudation into any part of the lung all trace of bright-red, 
recent blood entirely disappears. 

The various characters described so far do not always present 
themselves in the exact order mentioned, as it frequently occurs 
that after complete hepatization of one section of the lung 
another part, hitherto exempt from the inflammation, is attacked 
and goes through all the phases of the pneumonic process. Thus, 
whilst some of the sputa have the properties of those associated 
with the end of the stage of hepatization and the beginning of 
that of resolution, certain others, coming presumably from the 
portions of lung most recently affected, may be loaded with blood 
and be exceedingly viscid. 

3. In the stage of resolution the ru3t colour fades, and the 
sputum becomes yellowish or of a darker, citron-yellow tint, from 
the metamorphosis of its haemoglobin ; it is expectorated with 
loss difficulty, as it diminishes steadily in viscosity and no longer 
adheres to the sides of the vessel ; it grows gradually more and 
more opaque, from augmentation of the number of pus-cells it 
contains, while the fibrinous bronchial casts disappear or break 
down in fatty degeneration. The secretions thus come to resemble 
closely those of simple bronchial catarrh. They are at first con- 
siderably more abundant than in the stage of hepatization, but 



THE 8PDTUM IN PNSIJMONIA. 



199 



become by degrees scantier, more mucous, watery, transparent, 
and colourless ; and tlually, when the resolution of the pneu- 
monia is complete, expectoration ceases entirely, or for a few 
days longer a scanty, mucous, bronchial secretion is dis- 
charged. 

The features which have been enumerated as characteristic of 
the sputum in the various stages of pneumonia relate only to 
croupous pneumonia runniiig an absolutely normal course. Should 
the disease, however, not end in resolution, but tend rather to 
fatal termination from exhaustion of the vital powers of the 
patient, or from pulmonary oedema, the ordinary pneumonic 
sputum is replaced by a secretion of more fluid consistence, con- 
taining numerous air-bubbles, extremely frothy, and often stained 
of a dark reddish-brown colour from the continued presence of 
blood (the priiiD'-juice sputum). 

In the rare cases in which the pneumonia results in ptdmonary 
abscess a certain period usually elapses in which no sputum 
is expectorated ; this is followed by a sudden and profuse dis- 
charge of greeuish-vellovv, perfectly purulent sputum, very fluid 
in consistence, and more or less otTensire in odour, poBsessing all 
the properties of pus obtained from an abscess in any other 
situation. 

This homogcaeoua sputum, when examined either with the naked 
eye or with the microscope, is found to contain numeroua shreds of 
dead pulmonary tissue, consisting of clastic fibres, fat-crystals, crystals 
of hRmatoidin, and black pigmeutary matter and micrococci. — Chronia 
pneumonia, also, occasionally terminates in the formation of abacesR. 
In the piuxileat or muco-purulent sputa brought up at intervala from 
such an abscess, similar frugmeuts of lung-tissue are seen, havLug a 
densely fibrous, cicatricial appearance, quite in keoping with tho 
stony hardness of the disoased structure from which they come ; 
elastic fibres, also, and plates of cholesterin (Leydeo), are often present 
in this sputum. 

"When pneumonia runs into fjatujrcnc of the lungs, (not a 
common occurrence), the expectoration becomes excessively 
foetid and of a dirty greyish colour, and is loaded with shreda 
of necrosed tissue and acicular cr}'8tals of the fatty acids 
(see p. 202). 

The sputum of catarrhal pneumonia shows many points of 
difference from that of croupous pueumonia, tho former aflection 
being one which attacks primarily the bronchi, and spreads 
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downwards so as eventually to involve the aveoli ; of this uatare 
ia the hroncho-pnenmonia which occurs in children and the aged, 
and not unffequently also in persons of middle age. As this 
form of pneumonia is not attended by any extravasation of blood 
the Bputum presents the characters only of a catarrh, being 
simply muco-purulent, or containing at most, when the lungs 
are deeply congested, a few slight and transient traces of 
blood. 



The Sputum in Tuberculosis and Phthisis of the Lung$, 

Acute miliary tuberculosis of the lungs gives a sputum in no 
respect diffureut from that of simple bronchial catarrh. 

The sputum in chronic cheesy degeneration, before the process 
of excavation Laa begun, consists almost exclusively of the 
catarrhal secretion of the bronchial mucous membrane, and is 
consequently indistiuguishable^ with the naked eye at least, from 
that of ordinary catarrh. On microscopic examination, however, 
clastic fibres are sometimes seen, an observation which of itself 
is conclusive evidence that a destructive process is going on, 
even in the absence of the usual physical signs of sach a condi- 
tion. The presence of pulmonary epithelium in the sputum, on 
the other hand, at one time looked upon as an infallible indica- 
tion of that form of phthisis which is essentially a desquamative 
pneumonia, is not entitled to be so regarded, as pulmonary 
epithelial scales similarly altered in structure are occasionally 
found in the sputum of simple catarrh. 

The quantity of the sputum generally depends on the intensity 
and extent of the bronchial catarrh accompanying the phthisis ; 
it is therefore scanty at the outset of the disease, and becomes 
more abundant in its later stages. The expectoration may also 
be completely suppressed, at least for a time, particularly in case 
of remission or definite arrest of the progress of the disease. — 
Ooeasioually there is blood mingled with the secretion, in reddish 
specks or streaks, seldom in the form of a generally diffused 
coloration ; if the admixture be of long duration or of frequent 
recurrence wo may infer, with almost absolute certainty, the 
existence of ehronic caseous infiltration of the lungs, even 
when the physical signs which mark this affection cannot be 
distinctly elicited. 
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On the formation of cavities in the lung-sabstance the spata 
at once take on more specitic characters ; they are of firmer 
consistence, assume a rounded or nummular form, become 
more or less ragged at the edges, opaque, of a yellowish- 
green or dirty grey colour, contain little or no air, and sink 
in water (the sputa rotunda, fundum petentia of the early 
physicians). 

Now and then the cavernous sputum contains blood, recently 
effused or of older date, tliaposed either in a thin layer on its 
surface or intimately mixed up in its substance ; the secretion 
then presents a more or less intense coloration, varj'ing from 
light red to reddish brown. The blood in this case has evidently 
leaked from the smaller vessels, whose walls are disorganised 
and broken down by the extension of the morbid process. In 
this sputum is usually also included a variable quantity of catar- 
rhal bronchial and buccal secretion, which, being very thin and full 
of air-bubbles, floats on the surface of the fluid in the expectora- 
tion-glass. The larger the quantity of this catarrhal exudation 
and the more crowded it is with air-bubbles, particularly if it bo 
brought up with considerable pain and effort, the greater difBculty 
is there in distinguishing between it and the proper cavernous 
sputum. Very frequently the latter, in these circumstances, does 
not sink to the bottom of the vessel, but is suspended in the 
general mass of expectorated matters, in the frothy, mucous 
layer near the top. 

On microscopic examination of the cavernous sputum there 
are found multitudes of pus-cells (hence its opacity), free nuclei, 
detritus, and occasionally elastic fibres. 

The cavernous sputum, fluctuating in quantity from time to 
time according as the morbid process is aggravated or arrested, 
retains for a considerable period the physical properties above 
described ; but if the excavation be occupied by a profuse fluid 
secretion which stagnates there for some time, the sputa become 
of a dull muddy colour, acquire a somewhat offensive odour, 
diminish in consistence, lose all appearance of having any defi- 
nite shape, and tend to coalesce in the crachoir. 

In the species of consohdation of the lungs which do not lead 
to phthisis, — for example, in atelectasis of the lungs, due most 
commonly to prolonged compression by pleuritic exudation, or 
more rarely (when it is usually only partial} to compression 
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arising from some otlier cause, and, further, in the forms of 
collapse dependent on the blocking-up of large bronchi, and in 
condensation from hypostasis, — no characteristic sputum is 
discharged, but only such as owes its existence to the catarrh 
which accompanies these affections. 

The Sputum in putrid BroncJiitis and in Gangrene of the 

Lungs. 

These two diseases have at least one feature in common, — there 
is aBBOciated with them a certain destruction of pulmonary tissue, 
the result of a putrefactive process, which, again, is probably set 
up in consequence of the introduction of bacteria or spores into the 
air-passages j as might be expected, therefore, the sputa also 
present some characters which are common to both- These, 
enumerated by Traube, are as follows ; the sputa are very abundant, 
have a somewhat fluid consistence and a dirty greenish yellow 
colour, and separate into three strata on standing ; the uppermost 
layer is greenish yellow, opaque, and frothy ; the middle layer is 
strikingly transparent, albuminous, and almost serous in con- 
sistence ; the undermost layer is yellow and opaque, and is 
composed almost exclusively of swollen pus-corpuscles and a 
detritus which contains a number of dull yellowish-white, soft 
cores * whoso size varies from that of a grain of millet or oats to 
the bulk of a bean ; theae cores have also an excessively /trfici 
odour, and contain the needle-shaped crystals of the fatty acids 
described on p. 182. 

The chief condition which seems to be necessary to the formation 
of these crystals is that the sputum should be retained for some 
time in the ulcerated gangrenous bronchi or cavities ; this occurs 
particularly in sinuous excavations not in communication with 
any of the larger bronchi. Fatty crystals are therefore wanting 
in the secretions of a large cavity opening freely into a bronchus 
of considerable calibre, as in such a case the sputum is always at 
once ejected. In the same way also may be explaiued the fuct 

* Tntube recognises four different stages in the development of these cores. In the 
lieginning of the Rffection, when they are firet discovered > they for the meet port con- 
sist of pun- corpuscles and detritus ; at » later period they become dirty grey, a colour 
which they always afterwards retain, whiia the d((bris enclosed in the parulent mast 
■hows globules of fat. In Che third stagrt they are composed chiefly of debris, within 
which not only the fatty globules bnt acicular crystals of fat are obaerred. In the 
foortfa stage they are greatly increaaed in number and gathered together into 
bondlWi 
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that putrefaction takes place so readily in broncliiectatic cavities 
•while it 18 so exceedingly rare in those of phthisical origin ; 
bronchiectatic cavities are situated in the lower lobes of the lung, 
and their secretions are brought up and expelled with greater 
difficulty, and therefore remain stagnant for a much Jonger period 
than those of phthisical cavities, which are generally situated in 
the upper lobes. 

The sputum of pulmonary gangrene and that of the putrid 
stage of bronchiectasis are distinguished from those of other 
affections involving destruction of tissue (caseous pneumonia, 
pulmonary abscess) by containing few or no eloiitic fibres. The 
latter seem to be completely destroyed by the action of the 
putrefactive material, the chemical properties of which, however, 
are still unknown ; the connective tissue of the lung, on the 
other hand, is not m any way affected by this material- 

The element which efiecis the clGcomposition of the elastic fibres is 
evidently present in the eputam, as the filtrate of gangreooug sputa, 
while alkaline in reaction, complettily dissolves eloBtic tissue (taken, 
for example, from the ligamentum niichse of the calf) and boiled white 
of egg in 1 — 4 days, but has no influence whatever on gelatin -yielding 
tisaaes ; this process ia therefore exactly analogous to that which goes 
on within the lungs. The materia! on the proeence of which this 
action depends appears to be of the nature of a ferment. It, too, is 
subject to disorganization, as the filtered gangrenons sputa no longer 
have the power of dissolving elastic fibres when, at the end of a few 
days, they become cloudy and undergo further decompoBition. The 
contents of gangrenoaa cavities also, after removal from the dead body, 
and indeed all other putrid fluids whatsoever, proved equally powerlesa 
to effect the solution of elastic tisKiie (Filebne). 

Chemical examination (by Jafio) has shown that ammonia, snl- 
phnretted hydrogen, leucin and tyrosin, volatile fatty acids (butyric 
acid), enter into the composition of the sputum in pulmonary gangrene 
and putrid bronchitis. — On being introduced into the trachea of 
animals, the gangrenoua cores described above convey infection to the 
healthy tissues, if not at once expelled by coughing. This is usually 
followed by the occurrence of local, circumscribed pneumonic inflam- 
mations (particularly in the case of rabbits), or even by gangrene of the 
longs (Leyden and Jafie). The inflammation eeema to be really duo to 
the presence of vegetable parasites, which have been discovered by 
Furbringer in great numbers In the gangrenous masses ; the fungi 
consisted chiefly of the aspergillus niger aud mucor. — These same 
foDgouB growths and, under certain circumatances, even acicular fatty 
crystals, like those of the sputum in pulmonary gangrene, may be 
developed in a simple catarrhal sputum which has been exposed some 
time to the air. 
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The Spttttim in Bronchiectasis. 

It bfts tbe cliariicters of the mucn-purulent spatum, is generally 
yellow isli-ffreeu or dirty greenish- white in colour, homogeneous 
and conflaent. In colour and consistence, as in ita microscopic 
elements, it thus diflFers in no respect from the expectoration in 
chronic bronchial catarrh ; in both cases it is the result of hyper- 
secretion from the bronchial mucous membrane. Since, however, 
the bronchial Becretion stagnates for a longer or shoiler period in 
the dilated bronchi, not only when tbe latter are cylindrical in 
shape but also when they are sacculated, both of which conditions 
are generally present together, it acquires an ojf'ensirc odour, 
which frequently has a certain resemblance to that which pervades 
a soap manufactory ; tbe smell is moat penetrating when the 
sputum is recently expectorated, and becomes less intense when 
the secretion has stood some time in the vessel. — Tbe bronchi- 
ectatic sputum is, further, brought up only at long intervals, and 
then in large quantity. As the sensibility of tbe walls of the 
broncbieetatic cavity is greatly diminished tbe fluid accumulates 
till it reaches tbe orifice of tbe communicating bronchus ; violent 
coughing is now excited and the sputum is ejected, when the 
patient has rest again for a period usually of several hoars, 
expectorating at most only a little catarrhal sputum, till the 
cavity is tilled anew, and the same process is repeated. 

The quantity of sputum discharged in tbe twenty-four Lours 
may amount to several hundreds of grammes ; it is nsnally 
somewhat greater in the morning, as the secretion gathers in the 
cavity during tbe night. The fcetid odour and the periodical 
evacuation of a large quantity of sputum, serve to distinguish the 
broncbieetatic secretion from that proceeding from phthisical 
excavations. 

In the expectoration-dish the broncbieetatic sputum nsuallj 
separates into two or three layers, the upper of which is trans- 
parent and very fluid, the lower opaque, almost exclusively puru- 
lent, and resting on tbe bottom of tbe glass ; the middle stratum 
consists chiefly of a quantity of flocculent mucus. 

On the subsidence of the bronchial catarrh which attends every 
case of bronchiectasis, considerably less Quid is secreted, and as 
expectoration becomes more easy the sputum loses its foetor, and 
is then almost identical in character with the muco-puralent 
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spatam of broncliial catarrh. If, on the other hand, simple 
bronchiectasis is followed by ulceration of the dilated bronchi, 
and if, farther, under the influence of minute vegetable or animal 
organisms, which find their way into the air-passages and there 
multiply and develope, a putrefactive decomposition of the 
secretions sets in (particularly in summer), the needle-shaped 
crystals of the fatty acids, mentioned on p. 202 when discussing 
putrid bronchitis and pulmonary gangrene, are found in the 
sputum. 




The coEtraction of a heart which is structurally sound, normal in 
position and acting quietly, usually manifests itself externally as 
elevation of the tisBuea in the fifth intercostal space, 
between the parasternal and mammiUary lines ; it is sjTichronoas 
with the Bystole, does not raise the akin above the general level 
of the ribs, and is perceptible only over a small, circumscribed 
area, 1} — 2, or at moat 2 j ctm. in breadth. The normal impulse, 
commonly called the apex-beat • of the heart, never passes, to 
the right or left, beyond these limits. In children, however, it 
is not always situated in the fifth, but sometimes rises as high 
&B the fourth, intercostal space, the diaphragm being dra^vn up- 
wards mth greater force by the lungs ; in children also it not, 
unfrequently passes a short distance (almost 1 ctm.) over the 
mammillary line towards the left side. On the other hand it 
occasionally happens, though relatively seldom, and only in 
aged, that the heart's impulse is seen in the sixth intercostal 
Bpace ; in this case the displacement is due to diminution in the 
attractive force of the lungs and in the elasticity of the large 
vessels springing from the heart. 

The situation of the apex-beat varies with the rise and fall of 
the diaphragm in the movements of respiration and on turning 
over towards the left side. The influence of respiration in alter 
ing the position of the heart's impulse is noticeable only on 
making a very deep inspiration, when the apex sinks, sometime* 
even behind the sixth rib, so that, the opposition to the Iran 
misaion of the stroke of the heart on the chest-wall being 
increased, the heaving impulse can no longer be felt ; in expira- 
tion it mounts again to its normal level. In quiet respiration 

• 

* By the term itptx-beat is uDderstood Dot only the impulM of the actual apex, bat 
also that of the lower segment of the heart. The proper aptx does not lie in the fifth 
intercoFtal space, bat behiad the sixth rib, and la also ccrared in front by a tongue- 
■haped prooees of palmooary tiissue connected with the lower border of the left lonr. 
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no change takes place in the sitaation of the cardiac impulse. 
Lying on the left side brings it a little over the left mammillary 
line, occasionally as much as 2 ctm. ; on turning on the right 
side no displacement, or the very slightest^ is observable. 

The apex-beat is not always visible, bat is generally per- 
ceptible to the finger pressed deeply into the intercostal apace ; 
it escapes the eye also when the heart is acting very feebly, when 
the chest-wall is rigid and covered by a thick layer of fat and 
powerfully developed muscles, when the intercostal spaces are 
narrow, and when the heart, during full inspiration, ia over- 
lapped by the margin of the lung. (For the pathological 
conditions which cau»e the disappearance of the apex-beat, see 
p. 213). 

In addition to the apex-beat, and occaatonally also when it ia want- 
ing, a diff'vse impnlse, or nndulation of the tissues in the priecordial 
region, may be observed, more particularly when the heart's action is 
abnormally strong. — A certain amount of vibration is also often felt 
between Ibo third and sixth costal cartilages and over the lower portion 
of the sternum ; it arises from the systolic tension of the mitral and 
tricuspid valves, and ig designated the ralvidar ifnintl.ie. 

I Vivisection teaches that the finger placed on any part of the 
exposed heart's surface experiences a distinct shock on the occur- 
rence of each contraction ; but in normal circumstances, from 
the relative position of the heart and lungs, only the stroke of 
the apex is felt. The entire base of the heart ia covered by lung, 
which renders the transmission of its impulse to any distance a 
matter of difficulty ; and this diflSculty is increased by the back- 
ward movement of the base at each systole, by the resistance 
offered by the ribs, and by the thickness of the thoracic parietes 
(including the pectoral muscles aod adipoun tissue) in that 
region. The apex, on the contrary, is in immediate contact 
with the chest-wall, is formed chiefly by the powerful muscles of 
the left ventricle, and lies behind the jielding soft parts of the 
intercostal space ; the most important consideration, however, is 
that this portion of the heart is tilted forwards at each systole, 
BO that the tissues over it are of necessity raised along with it. 

I If the forementioned conditions, described as untavourable to 
the occurrence of a visible impulse over the base of the heart, be 
removed, the apex-beat is accompanied by a distinct base- beat ; 
this is the case in children with thin and yielding chest-walls, in 
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all cases in wliich tho heart, in coDseqnenoe of retraction of the 
anterior margia of the left lung (from atrophy), ia in close con- 
tact with a large part of the thoracic parietes, and in all hyper- 
trophies of the heart, especially of the left ventricle. 

In a few inetances a double impulse, accompanying with more or 
less regularity each systole, has been observed (Skoda, Bamberger, 
Leydeu). It occars in aggravated cases of mitral Lnsufficiency, and 
arises from the noa- coincidence of the contractions of the two Ten- 
tricles. To the Ji rut of these strokes alone the pulsation in the arteries 
corresponda, with the second it is wanting. This non-simultaneoaa 
contraction may be explained in the following way : when the mitral 
valve is markedly incompetent the overfilled right ventricle is unable 
to empty itself completely daring the systole, and the next instant 
(during the diastole) is again distended mth blood and so excited to 
renewed contraction ; the left ventricle, on the other hand, takes no 
part in the second phase of the contraction of the right heart, as it 
eontains at this stage but a small quantity of blood, or if it does act iu 
concert with the second contraction of the right ventricle, it does su 
with greatly dimioished force. — It is quite conceivable that the so- 
called abortive contractioDS, that is, those which are so feeble as to 
produce no arterial pulse, often associated with grave mitral lesion, 
arise from tho non^simultaneoua contraction of the two ventricles ; 
though if this assumption were correct a double impulse should 
accompany the cardiac systole, which ia not actually the case. 



Cause of the Heart's Impdlsk. 



Daring the diastole tho intracardiac pressure is equal at al 
points on the inner surface of the ventricular walls, but when 
the heart contracts and the hlood ia thrown into the great 
vessels this pressure suddenly becomes less over the heart's 
outlets than at the part diametrically opposite to them, — the 
apex of the heart; the latter, therefore, in consequence of the 
recoil so generated, moves downwards and forwards at each 
systole. It is the operation of the same force, the sudden deve- 
lopment of a difference in pressure, that sets in motion Segner's 
water-whRol, that produces the recoil which follows tho discharge 
of firearms, and that causes a freely-suspended cylinder, fiUed 
with water and provided with an escape-pipe at its lower end, to 
more backwards, in a direction opposed to that of the jet of 
water, when the stopcock is opened (Gutbrod, Skoda), But the 
recoil-theory explains only the impulse of the apex of the heart, 
and not that of tho base ; the latter arises from the hardening 
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fmrul siceUing of the heart at the beginning of the systole (Arnold, 
Kiwisch, Ludwig). 

It appears to mc, therefore, that the theory of Gntbrod and 
Skoda and that advocated by Arnold, should not ho regarded as 
antagonistic : each, taken ahne, is capable of explaining only 
certain of the pathological phenomena dependent on the heart's 
action ; taken together, they satisfactorily explain them all. 

The essential appearances seen on exposinj; the pulsating heart by 
%'i\'i8eclion are : locotnotion ilmtnti'tinhi mid fonvarda combined with 
rotation from the left side towards Uii; right, and increase in ihicknrss 
daring each systole ; till these factors must be taken into account in 
studying:; the eaattes of the cardiac impulse, no theory being free from 
objection which is founded on only one of them. While it ia generally 
admitted that the impulse of the base of the heart is due simply to 
systolic increase in thickness and firmness of the cardiac tissue at that 
part, authorities are far from being unanimous in their explanations as 
to the manner in which tlie downward and forward movement of the 
apex, which gives rise to the apex-beat, is brought about. That the 
apex of the heart actually docs move in the direction described, and at 
the same time rotates from left to right, has heen frequently demon- 
strated, hoth in animals and in men Buffering from thoi-acic fistula in 
the pnecordial region. Bamberger teaches that the change in the 
position of the heart is the result of the systobc stretching of the 
aorta and pulmonary artery, and Koraitzer tliat the movement of 
rotation depends on the somewhat spiral arrangement of these vessels 
as tbcy spring from the heart, — the elongation which they undergo 
making this spiral to turn slightly round on its vortical axis, carrj-ing 
the heart with it. But Kornitzer's further hypothesis that this rotation 
has the effect of tilting the apex of the heart forwards, and should 
therefore be rauljed as the special cause of the cardiac impulse, has not 
yet been satisfactorily proved. The same objection applies to another 
theory, more recently introduced by Aufrecht, which tinda the cause of 
the heart's impulse in the !rij)sto(ic jtatteniuq of the aortic arch, and 
which seeks to explain exciuslvoly on this ground all the physiological 
and pathological phenomena connected with the heart's beat ; the 
observation that with each systolic discharge of blood into the aorta a 
diminution of the curvature of that vessel takes place, the aorta itself 
rising and the base of the heart sinking, is essentially corroborative of 
Bamberger's theory that the locomotion of the heart downwards is 
produced by the systolic stretching of the vessels, Aufrecht, however, 
holding that the pulmonary artery takes no share in the production of 
these changes. But whilst Bamberger does not attempt to found any 
doctrine as to the cause of the heart's impulse on this systohc depres- 
sion of the heart by the elongation of the great vessels, Aufrecht argnes 
that to it is added a forward movement of the organ, and that these 
together give rise to the impulse. The two theories thus agree so far, 
in regarding the injection of the blood into the arteries as the cause of 
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the apex-beat (tbe latter, indeed^ instantlj disappears, as Hiffelsheim 
and Jahu have shown, on cutting off the supply of blood to the cham- 
hers of the heart), bnt differ concerning the manner in which this 
cause operates. — The view which has found most wide acceptance ia 
that advanced by Gutbrod and adopted by Skoda, based on tbe physical 
principle of recoil. 

The two most important objections to the Gatbrod-Skoda theory are 
the following : let, Bamberger, Kiirschuer, Scheibor, and others, 
maintain that the physical principle of recoil ia not applicable to the 
heart, as those parts on which iirn force of the recoil should fall are 
precisely those which by their contraction generate the original force ; 
a recoil, therefore, at the apex m-ouM be overcome by tbe counter- 
pressure arising from the contraction of the heart iiom the apex 
towards tlie base. 

This counterpreesure, however, ia in part neutralized by the down- 
ward movement of the heart at each systole, but chiefly by the fact 
that the heart, as Skoda points out, does not contract simply from the 
apex towards tbe base, in the direction opposed to that of the recoil, 
but aitiretitriralhf, so that the increase of pressure on its walls is 
everywhere tipmt ; in this case the cardiac jiarietes are placed under 
exactly the same conditions as the Bides of a cylinder filled with water, 
— thoy are subjected to a uniform pressure. 

2ndly. The second objection rests on the observation that that 
point on the inner surface of the heart which is diametrically opposite 
to tlie arterial orifices does not coincide with the apex, but with a spot 
on tlie wall of the right ventricle (Scheiber) ; the recoil from tlie orifice 
of the pulmonary artery takes effect on the side of the right ventricle, 
that from the aorta exactly on the apex of the heart, so that the result- 
tint of these two forces passes through a point situated somewhat to 
the riffht of the apex. It is only in cases of unequal hypertrophy of 
tbe different parts of the heart that these relations are appreciably dis- 
turbed, 

Skoda meets this objection by the statements that the aortic and 
pulmonary oriBces do not lie in tho same plane ; that the heart may, 
on accoont of the intricate disposition of itt* muscular fibres, be con- 
sidered as a single-chambered tubular organ, tbe lower part of which, 
diametrically opposito to the arterial orifices, suffers a certain amount 
of pressure from the current of blood flowing from it into the great 
vessels, the area so affected being equal to the sum of the transverse 
sections of the pulmonary and aortic openings ; and that this pressure 
is distributed over the surface of the lower segment of the heart, which 
assumes a conical form during the systole ; and he concludes that it is 
not essential to the general accuracy of his theory that the force of tbe 
recoil should lif^ht i-sucth/ on the apejr. Jahn has also recently shown 
that the resulUmt of the lines of recoil from the aorta and pulmonary 
artery fulls precisely on the apex of the heart, as indicated by Gutbrod 
and 8koda. 

Hiflelsheim has demonstrated the recoil experimentally in a caout- 
chouc heart filled with water, diacharging into an artificial aorta ; he 
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found tbat the force of the rectul is proportional to the volume of fluid 
contained, to the thickness of tho wtills of the artificial heart, and to 
the diameter of the aortic orifice. 

Oq p. 214 have been mentioned certain clinical faetn which admit of 
satisfactorj explanation by means of the Gtitbrod-Skoda theory oaly. 



* 



Pathological Alterations of the Normal Clrduc 
Impulse. 



These affect the situation, force, and extent of the impulse- 
Alteration in the situation of the apex-beat arises from dig- 
placemrnt of tho whole heart, which is very frequcntlv the result 
of change in the position of the diaphragm.-^ when the latter is 
depressed the heart sinks, when elevated the heart rises. 

Depression of the whole diaphragm may he caused by bilateral 
emphysema of the lunga, lowering of one-half by tho presence of 
gas or fluid in one of the pleune. The dislocation of the heart 
in pulmonary emphysema takes place downwards and to the 
right, in effusion into the left pleura, when the fluid is mode- 
rately abundant, simply downwards, or when the quantity is 
excessive, to the right side, sometimes even as far as the right 
mammillary line; pyo-pneumothorax of the left side has the 
same effects, though not usually to such a marked degree. On 
tho absorption of the exudation, should the left lung fully 
expand as the fluid is removed, the heart, if it have not formed 
adhesions to its new surroundings, retturns gradually to its 
normal position. 

If the displacement of the heart towards the right be but slight the 
apex-beat remains at the natural level or, if the diaphragm be forced a 
Utile downwards by the weight of the fluid, sinks to a triliiug extent j 
the position of the heart with regard to the direction of its axis usually 
continues normal, however, that is, the apex is still the part which lien 
furthest to the left. But as tho heart approaches the stcrtium its axis 
becomes more and more vertical ; if it be thnist beyond tho middle 
line of the sternum tlie apex rises, from the greater elevation of the 
miiiilU' segment of the diaphragm, — tho part over which the apex must, 
of course, pass when pushed over into the right side of the tliorai ; the 
impulse may then be felt in tho fourth right intercostal space. Tho 
apex forms now the portion of the heart situated fiu-thest to the right, 
as its movement ia not hampered by its anatomical relations, whilst the 
base, from the manner in which it ia bound down by the ^reat veasele, 
is less capable of being altered in position. — ^Very copious eftasiona 
into the ri;)ht jihura push the heart beyond its normal limits toward* 
the left side, sometimes even as far as the axillary lino. In most 
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cases aleo in which tho heart is displac^ed bj pleoritie exudation the 
apex-beat ia coaaiilerably augmented in force, on account of the greater 
resiBtaace offered by tho fluid to the emplybg of the right ventricle ; 
the pulBatioD not only of the apex but commooly also that of a large 
portion of the heart's surface may then be seen. 

The diaphragm may come to occupy an abnormally hifjli posi- 
tion as the result of atrophy of one lung, or of atelectasis of a 
lung after absorption of pleuritic exudation of long standing ; or it 
may be driven from below upwards by increase in the volome of 
the abdominal organs, particularly by hepatic, splenic, uterine, 
and ovariau tumours, and by ascites or meteoriam. The heart 
rises higher in the thorax in proportion to the extent of the 
upward displacement of the diaphragm, and in extreme cases 
may pulsate in tho third intercostal space. 

Contraction of the left lung causes the heart to beat not only at a 
higher level but also frequently to the outside of tho mammillary line, 
or oven iu the axillary liue, an the mediastinum, like the diaphragm, is 
also dragged further into the diminiBhed cavity of the thorax. In con- 
traction of tho right lung the heart, with the anterior mediastinum, 
passes over to tho right side, sometimes as far as the right border of 
the sternum and even beyoud it 

CuiiifmiUd turrfiiimlwn of the heart exists in cases of Inversion of the 
Vucera ; tlie heart is hore found on the right side, beating in the fifth 
right intercostal space, and the cardiac axis ia directed from above and 
behind downwards, forwards, and to the right. 



I 



The poBition of the apex-beat (or cardiac impulse) may further 
be modified by increase of the size of the heart, hypertrophy with 
dilatation. 

Wlien tho hft ventricle is h\-pertrophied and dilated it is 
chiefly in its long diameter that its size is augmented, go that 
the impulse is shifted downwards to the sixth, seventh, or even 
the eighth intercostal space ; as the ventricle also gains sensibly 
in breiulth the pulsation of the heart extends outwards beyond 
the mammillary line. 

In h}-pertrophy with dilatation of the right ventricle it is prin- 
cipally the breadth of the heart that is added to ; its impulse, 
accordingly, passes further to the right than normally, some- 
times to the right margin of the sternum or even to tho ri^ht 
mammillary liue. In cases in which the dilatation of tho right 
ventricle is moderate in amount the cardiac impulsG to the right 
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is not BO distinctly visible as it is to the left when the left 
ventriclo is hypcrtrophied to an equal dej^Tce, the intercostal 
spaces becoming considerably narrower towards the Bternam, 

In dilatation of the right heart the cardiac impulae oversteps 
the normal boundaries also to the left and downwards ; it roaches 
outwards to or even beyond the left mammiUary lino, and inferiorly 
often to the sixth iutercostid space. Both these coDditious are doe 
chiefly to a change in the relation of the axis of the heart to that of 
the body : the heart, whou the dilatation of it-s right half is consider- 
able, assumes a less upright aud more horiz4mtal. position. — In very 
prononnccd cases of hypertrophy and dilatation of the left side of the 
lieart the impulse, though most marked towards the left, is appreciable 
beyond its normal limits also towards the right. 

The force of the heart's impulse presents great differencfiB 
ereu amongst individuals who are in perfect health, and is found 
also, other circumstances being the aame, to vary chiefly with the 
energy with which the heart contracts. The impulse may be bo 
treakened as to escape detection either by eye or hand, or may, on 
the contrarj', become so furcihlr as to elevate and throw into 
vibration a large part of the chest-wall- 

Enfechlanent of the cardiac impuhe, even to such a degree that 
no perceptible shock is communicated to the hand, takes place 
(apart from the physiological causes already mentioned on p, 207) 

•jn the following circumstances : 
r 1. When the heart's action becomes less vigorous than in health. 
This may occur as the result of fatty degeneration of the cardiac 
muscular fibres, or of inflammatoi*y changes in the latter, due to 
myocarditis or arising in the course of severe acute affections ; 
or it may he owing to the prolonged influence of a high febrile 
temperature (from the so-called albuminous infiltration of the 
muscular fibres), or to abnormally feeble innervation of the heart. 
This disorder of the innervation may he of a transient character, 
as in an ordinary case of fainting, or it may be more lasting or 
recurrent^ presenting itself frequently as a concomitant symptom 
in many diseases of the nervous system ; and, finally, it usually 
appears shortly before death, indicating paralysis of the nervous 
system. 

2. When tho heart is separated from the chcst-wall by any 
medium, which may either bo interposed between that organ and 
the pericardium ( — the presence of fluid, or i*arely air, in the 
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pericardium), or which covers the heart (an emphysematous 
lung, for instance), or which comes between the heart and the 
thoracic parietea (such as pleuritic exudation, air in pneumo- 
thorax). Displacement of the heart from the causes just men- 
tioneil does not abolish the cardiac impulse, the latter being in 
such conditions usually visible at some other than the normal 
spot. 

3. When the heart has contracted adhesions to the pericar- 
dium. In these cases, as the systolic movement of the heart 
downwards and forwards is rendered impossible, the impulse 
is absolutely wanting, and instead of the raising of the tissues 
by the apex-beat we have systolic retraction taking place in the 
region where the former is normally felt, (see p. 222). 

Finally, it is sometimes observed that when atenosis of the aortic 
orifice or of iiie left auriculo-ventricular orifice reaches n certain degree 
of intensity the aprx-hcat h absnit : m Buch circumstances also thr tm- 
pulxr (if (he bnne is, on account of the consecutive hypertrophy, much 
incroaeed in force and spread over a larger surface than naturally. 

The absence of the apei-beat in severe Btenosis of the aortic orifice 
admits of very Batisfactory explanation by means of Iho Gutbrod- 
8koda theory of the causation of the nonnal impulse, and in the fol- 
lowing way : — the force of the recoil depends, not only on the energy 
with which the ventricle discharges its contents into the ai-terial 
system, but also on the rapidity and volume of the current of blood, 
that is, on the diameter of the aperture of exit. When this diameter 
is encroached upon iu Btenosis the quantity of blood propelled from 
the ventricle in a given unit of time becomes less, so that the diminu- 
tion in prcBf^ure at the aortic orihce is not so marked, nor is the 
systohc tiijftrtncf between the pressure at the aortic orifice and that at 
the apex of the heart bo great, as under normal couditioEs ; the recoil 
of the apex, therefore, that is, its systolic locomotion downwards and 
fomards, is also less, and may become bo slight as to be no longer 
appreciable. 

In like manner tlie want of the apex-heat in severe Btenosis of the 
left auriculo-ventricular orifice may readily be accounted for ; the con- 
striction prevents the left ventricle being so completely filled with 
blood as it should bo before its contraction, and the syntolic difference 
beinccn the pressare over the aortic orifice and that at the »pex of the 
heart is consequently ainwnnaHi/ awali. 

The force of the cardiac impuUe is increased by whatever 
strengthens the heart's contractions : in health, therefore, this 
takes place from mental excitement or violent physical exertion ; 
pathologically it occurs in all febrile conditions, in inflammaioiy 
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diseases of the heart, endocanlitis, pericarditis (in the latter, 
however, only bo long as the exudation is insufficient in quantity to 
obscure the perception of the shock), in the various neuroses of 
the heart (which may exist independently of any other disease, or 
may complicate other morbid processes of the most diverse kinds), 
and in all those conditions which favour the transmission of the 
heart's impulse to the surfiice, such as condensation of the upper 
lohe of the lung, retraction of the margin of the left lung, &c. 
This phenomenon is met with most often and in its most aggra- 
vated form, as the result of increase of tho muscular substance 
{kyprrtroplijjf) of the heart. 

The impulse is the more forcible the more the hypertrophy of 
the muBcuiur structuro of the heart preponderates over the dOa- 
tation of its cavities ; should the hypertrophy cease to increase, 
or should it even decrease, aa it frequently does in the moro 
advanced stages of the disease, from fatty degeneration of the 
muscular fibres, so that the dilatation cornea to bo a more promi- 
nent feature in the case than the hypertrophy, the impulse of the 
heart grows feebler ; this is observed in the later stages of all 
cardiac lesions. 

The heart's impulse is stronger in hypertrophy of the left 
ventricle than in that of the right. When tho power of the left 
Bide of the heart is increased to a considerable degree the impulse 
takes on a heaving character, and in severe cases the greater part 
of the front of the left side of the chest is elevated and thrown 
into distinct vibration each time the heart contracts ; in the dias- 
tole the raised portion returns sharply and with some force to its 
original position. Such a heaving impulse is never observed in 
hj-pertrophy of the right ventricle, as in the latter the thickening 
of the cardiac muscle is not so great as in the left ventricle ; 
while the thickness of the hypertrophied wall of the right heart 
amounts only to | — 1 ctm. or very Uttle more, that of the hj'per- 
trophied left heart reaches 2 — 2i ctm,, or even slightly exceeds 
that measurement. In a large number of cases also an increase 
in the force of the cardiac impulse from hypertrophy of the right 
ventricle is not very readily detected by the eye, as the right side 
of the heart is not so favourably situated anatomically as tho left 
for the conduction of its stroke to the surface (compare p, 212) ; it 
may, nevertheless, always be felty by placing the hand on the lower 
part of the sternum, — Other things being equal the impulse of 
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the heart is most powerful in enlargement of the whole organ. — 
When the hj^iertrophv of either ventricle is considerable it may 
give rise to very marked prominence in the prcecordial region, 
particularly in young persons, whose thoracic parietes yield 
readily to pressure. 




The following is a abort statement of the general causes of hyper- 
trophy of tlio heart. 

Hypertrophy of the heart is almost invariably the result of the exis- 
tence of obetacleB to the free circulation of tJie blood ; to overcome 
those obetaclea more energetic contraction of the heart is necessary, 
and ibis, as in every case in which a muscle is habitnallv called npon 
to exert its full power, leads to an increase in the bulk of the cardiac 
muscular substance. Tho development of hypertrophy is always 
preceded by dUalatUm of tliat ventricle which, on account of the 
resistance encountered in the systemic or pulmonary circulation, is 
nnable to empty itself completely of its blood at each contraction. 
Hypertrophy is thus always associated with dilatation of the con'es- 
ponding ventricular cavity. This is known as ej-ceutric hypertrophy. 

Hypertrophy (with dilatation) of the A/? ventricle arises from the 
presence of some iinpi-ilimvnt to cinultitiim in the aurtk xyatftn, hyper- 
trophy (with dilatation) of the rii/ht ventricle from ohsUich-i in tht- 
pubnoiiartj .iti/ittfm. Other conditions being siuiilar, the thickening is 
usually the more marked the nearer the obstruction lies to the 
ventricle. 

Hypertrophy of the left ventricle may be caused by atrophy of the 
kidneys, by sclerosis of parts of the aortic system, by athaomatous 
dnjnifratifin of the walls of the aorta, by steuoses of the aorta, by 
arieurix)iifi of the aorta (when complicated by lesions of the aortic 
valves), by insujficicna/ of the aortic valves, and atenoida of the aortic 
orifice. 

Hypertrophy of the riijht rcntricle may be due 

1. To ett'jorneiiieul uf the piihivmnry nrcuIittunK It is in this way, 
by impeding the return of the blood through the pulmonary vein, 
that mi'Crfl/ /fW))).f (insufficiency and stenosis), cause enlargement; in 
order to enable the right ventricle to rid itself of the whole of its con- 
tents, notwithstanding the opposition presented by the overloaded con- 
dition of the pulmonary vessels, its muscular mass undergoes large 
increase. 

2. To ohliteration of a large niwiber of the pulmonary rapillarifs. 
This arises from vesicular emphysema, atrophy of the lung from 
chronic interstitial disease, prolonged compression of the lung by 
pleuritic eiudation, and from lateral and angular curvatures of the 
spinal column. In these cases it is inevitable that the right ventricle 
should undergo a certain amount of hypertrophy, that it may contract 
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with sufficient force to open ap a pathway for the hlood through the 
already reduced area in which it circulates in the lungs." 

8. To valvular ksioun at tfir orijicr of tfie jmlmonmy ortrrtj (flteDOflifl 
of the conos arteriosus or of the ramihcations of the pulmonary artery, 
ineufficiency of the semiiunar valvta at the root of tho same vesael, — 
both very rare affections). — Incompetence of the tricuspid valve is 
nsually aseociatod witb hjpertropby of the right ventricle, which, 
again, is chiefly the result of the cimannitmu mitral lesion, and which, 
in uncomplicated cases, is exceedingly Blight. 

If the circulation be obstructed both in tbe aortic and tho pulmonary 
systems, (ae in cases of lesion of tho aortic and mitral valves), hyper- 
trophy of both ventricles takes place. Severe aortic lesions alone may 
occaaiou thickening of tho right as well as of the left reutricle, as in 
the more advanced stages of aortic valvular disease congestion of the 
pulmonary circulation also appears. 

The auricles also uitilfri/n hi/in-rtrnphif when, from contraction of the 
auriculo-ventricular orilitie, they are unable to empty themselves 
entirely, or when, from insufficiency of tljo auriculo-TentricuIar valves, 
the blood regurgitates at every systole from tho ventricles into the 
auricles, so that the latter are kept constantly ia a state of overdisten- 
sion ; in both afifectioas the complete evacuation of the auricles becomes 
impossible, and conditions are presented which are favourable to tbe 
development of hypertrophy of thi'so parts, (of the left auricle, for 
instance, in stenosis and insufficiency of the mitral valve). 

Hypertrophy with dilatation of tho ventricles may also arise inde- 
jtcmienthj of the existence of any mechanical hindrance to the circula- 
tion, and duo simply to overaction of the heart. Though the truth of 
this doctrine has often in the past been held doubtful it has recently 
been firmly eetabtished on the strength of numerous and accurate 
observations. This form of hypertrophy without any trace of valvular 
lesion is developed especially after violent and prolonged physical eier- 
tion, as in soldiers as the result of long and fatiguing marches, &c., and 
amongst the labouring classes ; its production is also sometimes favoured 
I by undue indulgence in epirituouB hquors and by immoderate smoking. 
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Extent of the Heart's Impulse. 
An impulse whose breadth withiji the fifth intercostal space 



* Baxunler has recentlj' mado the usertion that extennire, bat more particularly 
complete adhenon of the pleurut tw/acu to eacli vtlier g:iv«a rise to a dispnfiitioa to 
the developmeot of hyperlrojjhy of the heart, sb the free expansion of the viLhoua puts 
of tbe lungs is thiu hampered or prevented and the ctoaticitj of the lungn diminiahed. 
Bat as diminatioD of the elasticity of the pulmonary tissue impedes the outflow of 
blood from the polmonary veino towards the left ventricle the pulmonary circulation 
becomes overloaded, and the work which the right heart haa to perform is increued. 
There i« thus produced a, diipoiition to hypertrophy of the right heart, the occurrenoe 
of which in such raaes is generally further fmvoured by other concomiuint circiimstoncea. 
— When at a later stage the congestion extends also to the vyrtemic Tein^ and the left 
ventricle ia thos called upon to contract more energeticBlly, the left i<idc of the heart 
also becomes enlarged, though not usually to anch a oonsideiable degree aa tbe right. 



218 



A HANDBOOK OF PHYSICAL DIAGNOSIS. 



amounts to more than 21 ctm., and which thus passes beyond 
the manimillary lino to the left or the parasternal line to the 
ripht, — pro\'ided there be no displacement of the organ as a 
whole, — invariably indicates h}'pertropLy of the heart. 

The heart's impulse in hypertrophy may bo distinctly appre- 
ciable, both to the eye and hand, in two or even three intercostal 
spaces at once ; when the enlargement is considerable and 
limited to the left heart the pulsation may manifest itself in 
these spaces with greater or Iohb intensity as far outwards as the 
axillary line, or when the right half of the organ is aiiected it 
may extend in the other direction to near the right mammillary 
line. 

It is to be home in mind, however, that the heart may pulsate 
in at least two intercostal spaces and yet show no trace of hyper- 
trophy, as when it lies in immediate contact with a larger part 
of the chest-wall than usual, from retraction of the anterior 
border of the left lung as the result of atrophy. But never, in 
such cases, is the apex-beat felt to the outside of the mammillary 
line to the left or beyond the parasternal line to the right, a 
fact which, apart from other points brought oat by further 
examination, rendcra it impossible to mistake this condition for 
a genuine hypertrophy of the heart. — Hj'pertrophy, especially in 
children and young persons, announces itself not only in the 
charact(!r of the impulse, but also by giving rise to a certain degree 
of prominence of the priecordial region ; in older patients, whose 
chest-walls arc more rigid, this prominence is more seldom 
observed. 

The various signs which have been discussed in this section 
alwaj's enable ua to recognise whether the heart is normal with 
regard to position, whether it is hv-pertrophied and dilated, 
whether the increase in size is limited to the left or right 
ventricle or affects both ; and the diagnosis so arrived, at is 
almost invariably a sound one, pnrticularly when the examination 
of the impulse by inspection and palpation is followed up by the 
inspection of the arteries (see p. '223) ; but a moderate amount 
of hypertrophy of the ri(]ht ventricle may escape notice by 
inspection when the heart is covered by emphysematous lung. 
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Systolic Pulsations, 

(proceeding partly from the heart and partly from the great 

vessels), 

1. SyittoUc Puhudon in the Epigastriuvi. 

This may be synchronous with the apex-beat in the normal 
situation, or may exist alone, when no other impulse is percep- 
tible in the pnpcordial region. — The first condition is very 
frequently observed when the heart is acting ivith increased 
©nergy, and is then simply ovring to the transmission of the 
normal impulse to that part ; it disappears when tho heart again 
begins to act quietly.- — In another class of cases the epigastric 
puliation accompanying the normal apex-beat is merely the 
transmitted pulse of the ahdombud aorta. In such circum- 
stances it depends on the presence of conditions which either 
strengthen the pulse of the abdominal aorta or which facihtate 
its conduction to a distance ; the force with which that vessel 
expands is increased in hj-pertrophy of the left ventricle from 
whatever cause arising {excepting only that connected with 
stenosis of the aortic orifice), and the impulse is more readily 
conveyed through thin and lax abdominal coverings (as in women 
after several pregnancies) and through an enlarged and dt-pressed 
left lobe of the liver. — Kpigustric pulsation propagated from the 
abdominal aorta appears an instant later than the licart'a impulse, 
and is also not strictly confined to the epigastrium, but extends 
over a considerable part of tho abdominal surface ; in cases of 
aneurism of the abdominal aorta and of the cseliac artery the 
greater part of tho abdominal wall may be caused to pulsate.-— 
The recognition of epigastric pulsation conducted from the abdo- 
minal aorta is thus comparatively easy, as that vessel may be 
directly examined by the hand, provided the tension of the recti 
mnscles do not interfere to any gi-eat extent with the proper per- 
formance of palpation. By compressing the abdominal aorta at 
a more distant point the epigastric pulsation may be increased in 
force. 

The second variety of systolic /i«tsrt/iott in the epigastrium, that 
in which the heart's impulse is either entirely wanting in the 
normal situation or is weak and diffuse, occurs when the 
diapkragitt is depressed, particularly when at the same time 
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1. Those svBtolic rdractions wliicli accompany the normal 
apeX'beat appcur iu the third and fourth intercostal spaces ; the 
heart is soraetinies in these cases in all respects normal, generally 
it is acting unusuall}' energetically, most commonlj' it is h}-per- 
trophied, and in contact with a correspondingly large portion of 
the chest-wall, the margin of the left lung being pushed back ; 
such depressions are more frequent in young persons, particularly 
in children, whose thoracic purietes are thin, than among adults, 
whose thorax is less yielding and is protected by thicker cover- 
ings. In these cii'cumstani:es, when the heart acts with undue 
force each systole is attended by an exceedingly rapid nndulatory 
movement passing over the praecordial region from above down- 
wards, and a slight recession of the surface in the third and fourth 
intercostal spaces. The explanation of these phenomena is very 
probably this, that with the systolic locomotion of the apex to the 
left, downwards and /oriranis, is corahmoA ^movement of the Inue 
of the heart backuards aud to the right; this creates an empty 
space between the base of the heart and the chest-wall, to fill up 
which the superficial soft parts are dragged inwards. These 
depressions have no diagnostic importance. 

This explanation of the occnrrenoe of Bvstolic recession in the inter- 
costal spaces at a pomt sitnated above tliat at which the apex-beat is 
seen, is, however, not perfectly satisfactory ; the objection to it which 
has mostweisht is one suggested by Friedreich, that durbg the systolic 
movement of the apex downwards Uie space left vacant hy the contracting 
portion of the heart, to occupy which the tissues immediately over it 
are said to be retracted, is at once taken op by another part of the 
heart in a similar state of contraction. It is nevertheless quite con- 
ceivable that the upper segment of the cardiae masdo is less consider- 
ably enlarged, particularly in the direction of its aotero-posterior dia- 
meter, than the lower portion, and that in that way the depression of 
the intercostal i^paces may be brought about. 

2. The less common form of systdic retraction is also the 
more important of the two, that iu which the apex-beat is com- 
pletely wanting. In these cases the sofl parts in the fiftb 
intercostal space recede, arc not elevated as they should be, on 
each contraction of the heart : this change may either be limited 
to the area nsually occupied by the normal apex-beat or may 
extend over nearly the whole of the prfocordia, so that even the 
tULunal ends of the ribs and the lower end of tbe sternum are dravi-n 
inwards. This phenomenon is pathognomonic of adhfsion of the 
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lieart to the pericardium (Skoda) or of the pericardium to the 
substjenial connective tissue and the diaphragm. The degree iind 
extent of the adbesiou may be inferred from the depth and area 
of the depression : thus, if the heart ho adherent to the pericar- 
dium and the vertebral column on one side, and to the Bteruum 
on the other, its movement downwards and forwards on contrac- 
tion is prevented, and as all the diameters of the heart are 
shortened during the systole, and as the spinal column is a fixed 
point, the lower end of the sternum is retracted ; if adhesions 
have also been formed with the connective tissue investing the 
ribs, the latter also are similai'ly acted upon ; and finally, if the 
heart be completely adherent to the tissues round it on every side, 
the aystolic depression involves a large part of the surface of the 
left lower segment of the thorax. To overcome all these diflB- 
culties in the way of the proper performance of its functions, the 
heart necessarily acts with increased energj'. — It is nevertheless 
sometimes observed that depressions limited to the region in 
which the apex-beat usually manifests itself, may be dependent on 
adhesions of very trifling extent.* — WTien the contractile power of 
the heart is greatly diminished, the systolic retractions disappear, 
notwithstanding the existence of extensive and intimate adhesions ,f 
The parts of the thorax which, on account of the adhesions 
formed by the heart, are at each systole dragged inwards towards 
the vertebral column spring back again daring the diastole to 
their former position ; if the systolic retraction is confined to the 
spot at which, in normal circumstances, the apex-beat is felt, this 
region becomes markedly prominent during the diastole, consti- 
tuting a dias tot k cardiac impulse or apex-beat, — theonly exception 
^B to the general role that the apex-beat is systolic in rhythm. 



I 



Inspection of tee Arteries. 
The increased pulsation of the aorta in hypertrophy of the left 



* Tnabe hiu described one cose of dintinct lyitolic retraction, in wfaich there via 
no adkenon of the heart to the {tericardium. The retracticm waa lonnd, on pott mortem 
examination, to be cauaed bj the presence of a congenital fold on the ponterior 
anxfaoe of the heart, paasing; from the upper end of the pulmonary artery to the left 
aaride, ao situated that the Byatolic moTcmeat of the heart to the left and down wards 
was prevented, or at least limited. 

t A case of this kind ha« come under ray own notice : on esBminiog the body 
of a patient who had died in the stage of asphyxia in cholera, the heart waa diacovered 
to be adherent at nearly every point to the aDrrounding tissues, yet daring life no 
tnun of retraction waa seen (the cardiac impulse was cot perceptible). 
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heart and in cases of aneurism has already been ouder considera^ 
tion. In the same way the force of the pulsation in the further 
ramifications of the aorta, — the carotid und subclavian arteries, 
&c., may be taken as a measure of the di'j^ee of power being] 
exercised by the heart. 

While the heart is acting quietly the arteries in the neck 
pulsate feebly, the carotid wave apjiearing only in the fossa 
between the siernomaatoid muscles, and that of the brachial &nc 
radial arteries only when the arms are held in a suitable position. 
When the heart acts more powerfully, but still within physio- 
logical bounds, arterial pulsation is to a corresponding degree] 
increased, and is particularly noticeable over the larger vessels. 
In hypertrophy of the left ventricle the pulse becomes still more 
forcible, that of the carotid being clearly seen through the soft 
tissues of the neck; and smaller vessels which at other times 
are scarcely visible, such as tbe temporal arteries and the smaller 
branches of the brachial and femoral arteries, pulsate prominently 
and appear dilated and tortuovu. — The phenomena attendant on 
hj-pertrophy of the r'ltjht side of the heart are characteristically 
different from those in the domain of the systemic vessels in 
enlai'gement of the left ventricle. Here tbe arterial pulse is not 
only not rendered stronger, but it is frequently feebler than 
usual, as, from the engorged condition of the pulmonary circula- 
tion, of which the hji^ertrophy of the right ventricle is but 
another of the results, the aortic system of vessels contains a 
smaller volume of blood than normally. Enlargements of the 
right and left ventricles are therefore often distinguishable from 
each other at the first glance by simple inspection of the arteries. 
And further, as any considerable degree of hj'pertrophy of the left 
ventricle, if the strongly pulsating arteries are at the same time 
dilated and tortuous, is generally due to insufliciency of the 
aortic valves, and as, on the other hand, hypertrophy of the right 
ventricle is most commonly caused by viitral lesion, a careful 
inspection of the arteries often enables us to come to at least 
fjcnfral conclusion regarding the seat of the impediment to 
circulation. 

Inspection of tub Veins. 

The pathological phenomena observed on inspection of the 
IB are ' 
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1, Engorgement of the venous system, and therefore visible 

dilatation of the superficial veins ; 

2. Certain movements, seen almost exclusively in the jufrnlar 
veins, the result either of the respiratory expansion and 
contraction of the thorax (undulatory movements) or of 
the movomonts of the heart {venous puhation). 



Venous Congestion. 

Of all the snperficial vessels near the heart the cervical veins 
«how the greatest differences with regard to the amount of blood 
they contain at different times in health and disease ; they are 
therefore well adapted for examination by inspection. Even in 
normal conditions the external ju^lar vein as it crosses the 
stemoraastoid muscle may, by simply turning the head to one 
side, be made to stand out prominently on the skin as a thin, 
somewhat bluish-coloured cord ; the internal jugular vein, on the 
contrary, placed deeply as it is between the two lower divisions of 
the same muscle, never comes into view. — The reason for this is 
found in the fact that the vertical courso of the cervical veins 
promotes a rapid flow of blood from the head towards the 
heart ; this tendency is still further favoured by the act of 
inspiration, which lessens the pressure within the innominate 
veins and the superior vena cava (into which the jugular veins 
empty themselves), and in that way, by a kind of aspiratory 
action, quickens the current through these vessels. 

As a pathological phenomenon congestion of all the veins of 
the body, particularly of those of the neck, is met with under the 
following circumstances : 

1. When the contractile power of the right ventricle is 
diminished : the latter is then unable to discharge itself of the 
whole of its contents, and so fails to accommodate all the blood 
which should enter it from the right auricle, and the auricle 
itself, and eventually also the venous trunks and the whole venous 
system, become unduly distended with blood. — Of all the changes 
in the organs of circulation, mitral insufficiency and constriction 
of the left auriculo-ventricular orifice, and of the afl'ections of the 
respiratory apparatus those which lead to persistent congestion of 
the pulmonary circulation, and so to hypertrophy of the right 
heart, and at a later stage to fatty degeneration of the cardiac 
muscular fibre, are the diseases which most commonly give rise 
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heart and in cases of aneurism has already been under considera- 
tion. In the same way the force of the pulsation in the further 
ramifications of the aorta, — the carotid and subcknau arteries^ 
&c,, may be taken as a measure of the degree of power beii 
exercised by the heart. 

While the heart is acting quietly the arteries in the neck 
pulsate feebly, the carotid wave appearing only in the fossa 
between the aternomaatoid muscles, and that of the brachial and 
radial arteries only when the arms are held in a suitable position. 
When the heart acts more powerfully, but still within physio- 
logical bounds, arterial pulsation is to a corresponding de 
increased, and is particularly noticeable over the larger vessels.' 
In hypertrophy of the left ventricle the pulse becomes still more 
forcible, that of the carotid being clearly seen through the soft 
tissues of the neck; and smaller vessels which at other times 
are scarcely visible, such as the temporal arteries and the smidler 
branches of the brachial and femoral arteries, pulsate prominently 
and appear dilated and tortuous. — The phenomena attendant on 
hypertrophy of the right side of the heart are characteristically 
different from those in the domain of the systemic vessels in 
enlargement of the left ventricle. Here the arterial pulse is not 
only not rendered stronger, but it is frequently feebler than 
usual, as, from the engorged condition of the pulmonary circula- 
tion, of which the hypertrophy of the right ventricle is but 
another of the results, the aortic system of vessels contains a 
smaller volume of blood than normally. Enlargements of the 
right and left ventricles are therefore often distinguishable from 
each other at the first glance by simple inspection of the arteries. 
And further, as any considerable degi-ee of hypertrophy of the Itfl 
ventricle, if the strongly pulsating arteries are at the same time 
dilated and tortuous, is generally due to insufficiency of the 
aoTtic valves, and as, on the other hand, hypertrophy of the rigl 
ventricle is most commonly caused by mitral lesion, a carefo 
inspection of the arteries often enables us to come to at least a 
general conclusion regarding the seat of the impediment to the 
circulation. 

Inspection op the VEms. 



The pathological phenomena observed on inspection of 
reina are 
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1. Engorgement of the venoua system, and therefore visible 

dilatation of the snperficial veins ; 

2. Certain movements, seen almost exclusively in the jugular 
veins, the result either of the respiratory expansion and 
contraction of the thorax {undulatory movements) or of 
the movements of the heart [venous "puhation). 



Venous Congestion. 

Of all the superficial vessels near the heart the cervical veins 
show the greatest differences with regard to the amount of blood 
they contain at different times in health and disease ; they are 
therefore well adapted for examination by inspection. Even in 
normal conditions the external jugular vein as it crosses the 
stemomastoid muscle may, by simply turning the head to one 
side, be made to stand out prominently on the skin as a thin, 
somewhat bluish -coloured cord ; the internal jugular vein, on the 
contrary, placed deeply as it is between the two lower divisions of 
the same muaclo, never comes into view. — The reason for this is 
found iu the fact that the vertical course of the cervical veins 
promotes a rapid flow of blood from the head towards the 
heart ; this tendency is still further favoured by the act of 
inspiration, which lessens the pressure within the innominate 
reins and the superior vena cava (into which the jugular veins 
empty themselves), and in that way, by a kind of aspiratory 
action, quickens the current through these vessels. 

As a pathological phenomenon congestion of all the veins of 
the body, particularly of those of the neck, is met with under the 
following circumstances : 

1. When the contractile power of the right ventrJclo is 
diminished : the latter is then unable to discharge itself of the 
whole of its contents, and bo inWn to accommodate all the blood 
which should enter it from the right auricle, and the auricle 
itself, and eventually also the venous trunks and the whole venous 
system, become unduly distended with blood. — Of all the changes 
in the organs of circulation, mitral iusutllciency and constriction 
of the left auriculo-ventricular orilice, and of the affections of the 
respiratory aj)paratus those which lead to persistent congestion of 
the pulmonary circulation, and so to hypertrophy of the right 
heart, and at a later stage to fatty degeneration of the cardiac 
muscular fibre, are the diseases which most commonly give rise 
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heart and in cases of aneurism has already heon under considera- 
tion. In the same way the force of the pulsation in the further 
ramifications of the aorta, — the carotid and subclavian arteries 
&c., may bo taken as a measure of the degree of power beii 
exercised by the heart. 

While the heart is acting quietly the arteries in the necl 
pulsate feebly, the carotid wave appearing only in the fossa" 
between the sternomastoid raascles, and that of the brachial and 
radial arteries only when the arms are held in a suitable position. 
When the heart acts more powerfully, but still within physio- 
logical bounds, arterial pulsation is to a corresponding de-gree 
increased, and is particularly noticeable over the larger vessels. 
In hypertrophy of the left ventricle the pulse becomes still more 
forcible, that of the carotid being clearly seen through the soft 
tissues of the neck; and smaller vessels which at other times 
are scarcely visible, such as the temporal arteries and the smaller 
branches of the brachial and femoral arteries, pulsate prominently 
and appear dilated and torttwus. — The phenomena attendant on 
hypertrophy of the r'tifht side of the heart are characteristically 
diflerent from those in the domain of the systemic vessels in 
enlargement of the left ventricle. Here the arterial pulse is not 
only not rendered stronger, but it is frequently feebler than 
usual, as, from the engorged condition of the pulmonary circula- 
tion, of which the hypertrophy of the right ventricle is but 
another of the results, the aortic system of vessels contains a 
smaller volume of blood than normally. Enlargements of the 
right and left ventricles are therefore often distinguishable from 
each other at the first glance by simple inspection of the arteries. 
And further, as any considerable degree of hypertrophy of the Uj't 
ventriclo, if the strongly pulsating arteries are at the same time 
dilated and tortuous, is generally due to insufficiency of the 
aortic valves, and as, on the other hand, hj'pertrophy of the right 
ventricle is most commonly caused by mitral lesion, a careful 
inspection of the arteries often enables ns to come to at least a 
general conclusion regarding the seat of the impediment to the 
drculatioD. 

Inspection op the Veins. 

The pathological phenomena observed on inspection of tho 
veins are 



\'ES0U8 CONGESTION. 225 

1. Engorgement of the venous system, and therefore visihle 

dilatation of the superficial veins ; 

2. Certain movements, seen almost exclusively in the jugular 

veins, the result either of the respiratory expansion and 
contraction of the thorax {undidatory movements) or of 
the movements of the heart {venous jiidsaiion). 



Venous Congestion. 

Of all the superficial vessels near the heart the cervical veins 
show the greatest differences with regard to the amount of blood 
they contain at different times in health and disease ; they are 
therefore well adapted for examination by inspection. Even in 
normal conditions the external jugular vein as it crosses the 
stemomastoid muscle may, by simply turning the head to one 
side, be made to stand out prominently on the skin as a thin, 
somewhat bluish -coloured cord ; the internal jugular vein, on the 
contrary, placed deeply as it is between the two lower divisions of 
the same muscle, never comes into view. — The reason for this is 
found in the fact that the vertical course of the cervical veins 
promotes a rapid flow of blood from the head towards the 
heart ; this tendency is still further favoured by the act of 
inspiration, which lessens the pressure within the innominate 
veins and the superior vena cava (into which the jugular veins 
empty themselves), and in that way, by a kind of aspiratory 
action, quickens the current through these vessels. 

As a pathological phenomenon congestion of all the veins of 
the body, particularly of those of the neck, is met with under the 
following circumstances : 

1. When the contractile power of the right ventricle is 
diminished : the latter is then unable to discharge itself of the 
whole of its contents, and so fails to accommodate all the blood 
which should enter it from the right auricle, and the auricle 
itself, and eventually also the venouH trunks and the whole venous 
system, become unduly distended with blood. — Of all the changes 
in the organs of circulation, mitral insulhcieucy and constriction 
of the left auriculo-ventricuiar orifice, and of the affections of the 
respiratory apparatus those which lead to persistent congestion of 
the pulmonary circulation, and so to hvpertrophy of the right 
heart, and at a later stage to fatty degeneration of the cardiac 
muscular fibre, are the diseases which most commonly give rise 
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to swelling of the cemcal veins in the manner described ; a good 
instance of sucli a sequence of events is furnished by chronic 
vesicular emphysema of the longs. 

2. When the pressure on the venous trunks within the thorax 
(the vensB cavae) is from pathological causes so augmented that 
they are no longer able to receive all the blood flowing towards 
them. 

As in normal conditions the increase of the intrathoracic pres- 
sure which takes place during expiration checks the flow of the 
venous current, — an effect, however, which is neutralized and even 
more than compensated for by the accelerating influence of 
inspiration, and which, therefore, in health is never seen externally, 
— so also in pathological circumstances a persistent increase of the 
same intrathoracic pressure results in an equally persistent over- 
loading of the veins of the neck ; copious pericardial and pleuritic 
effusions, large mediastinal tumours and aneurisms of the aorta, 
pneumothorax, and the severer forms of pulmonary emphysema 
(in which expiration is much prolonged and usually effected only 
with the aid of the auxiliary muscles of respiration), are among 
the affections in which the phenomena under discussion are 
observed. In the more advanced stages of emphysema the swell- 
ing of the cervical veins (and also of those of the body generally) 
becomes a very striking symptom, because not only does the 
right ventricle act more feebly, as already pointed out, but the 
pnlmonary capillaries are extensively atrophied and obliterated 
and the volume of blood permitted to circulate through the lungs 
thus greatly reduced. 

In rare cases, particularly of fibrous mediastinitis, the reverse of 
these appearances may be seen, distension of the jugular veins with 
each inspirBtion : the fibrous cords developed in this affoction exercise 
a certain amoant of traction on the iutrathoracic veins each time the 
chest is expanded in inspiration, and in that way lessen the lumen of 

Lthe vessels in question (compare p. 244), — Congestion may also be 
hmited to well-defined districts drained by particular veins, when it is 
probably due to some tucal caase, euch as thrombus, obliteration, or 
compreBBion of one of the larger venous trunks ; of this nature are 
certain of the congefitiona of the veins of the neck, from compression 
by large goitrous tumours or swoUen cervical glands. 



The swelling of the veins of the neck is much more con- 
spicuous while the patient is lying on his back than when 
standing or sitting, aa in the fonner position the flow of blood 



into the auricle ia considerably retarded. The respiratory 
movements, also, have an important influence on the cervical 
veins with respect to their state of distension, an influence 
which is, farther, more marked when decubituB ia dorsal ; in in- 
spiration the veins tend to collapse, the blood they contain being 
rapidly drawn off, while in expiration they are speedily refilled 
and stand out on the surface as distinct bluish cords. Coughing 
renders the veins still more turgid, the sinus of the jugular vein 
then becoming especially prominent and appearing as a large 
bluish-coloured swelling. These effects of the different phases 
of respiration, however, are noticeable only in those pathological 
conditions in which the jugular veins are persistently dilated and 
overfilled. In the healthy subject engorgement of the veins of 
the neck (or of the facial veins, causing cyanotic discoloration) 
may be excited by repeated complete expiration, by fixing and 
for some time retaining the chest-walls in the position most 
favourable to expiration, or by prolonged and severe coughing. 

Movements in the Veins of the Neck. 

These consist occasionally of a rhythmical dilntation of the 
veins, determined by the movements of respiration ; or they may 
be of an undulating character, taking the form of a continuous, 
but non- rhythmical succession of waves passing along the dis- 
tended vessel, due jointly to the expansion and contraction of the 
chest in respiration and to the action of the heart ; or, finally, 
they may be of tho nature of a pulsation, dependent solely on 
the movements of the heart (venous pulse). 



Undulation of the Juoolab Vein. 

UnduJatory movements, like the various degrees of congestion 
of tho jugular veins coinciding with the different phases of 
respiration, indicate a state of engorgement of tho pulmonary 
circulation. They, however, are also considerably modified by 
the action of the heart : an obstructed lesser circulation always 
leads to overloading of the right auricle, each systole of which 
throws a small quantity of blood back into the vena cava superior, 
engorgement of the latter ensues, the current of blood through 
the jugular vein becomes slower (or is posbibly sometimes arrested 
for an instant), and local congestion is developed. This mass of 
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blood thus forced backwards into the vena cava by the contraction 
of the over-filled right auricle, on the one hand, and the Bimul- 
taneoua retardation of the outflow of blood from the jugular 
veins, on the other, combine to dilate these veins and communi- 
cate a distinct impnlse to their contents ; and aa the veins once 
thrown into commotion do not immediateh' return to a state of 
quiescence, and aa they are further alao subjected to some dis- 
turbance and caused to swell up by the expiratory movements, 
the agitation of their walls, when the impediment to circulation 
through the lungs is of a eerious character, becomes ufuitdatory 
and almost continuous. 

Undalation of the veina of the neck, therefore, which occasionally 
also extends to the smaller vesselfl opening into the jagnlars, can arise 
only in thoBe cases in which the cervical veins show a considerable 
amaunt of engorgement even during iuBpiration, when circamstances 
are most favourable to the rapid pasBnge of the venous current. — Exjri- 
ratonf di^tmmm {not undnlatiou) is observed in the Buperficial brachial 
teins, but only during severe attacks of coughing. — Of all the diseases 
which iuTolre congestion of the veins of the neck it in in intense pul- 
monary emphysema and in Btenosis of the left auriculo-vcnlricular 
orifice that undulation of these Tessels occurs most freqaently and in 
its most marked forms. 




Venoub Pulsation. 

This presents itaelf as a rhythmical elevation of the walls of the 
internal jugular vein, coinciding with the systole of the heart or 
sometimes barely preceding it, always clearly perceptible to sight 
and touch, — most clearly when decubitus is dorsal. The vein 
pulsates either in its whole length, the impulse being always 
propagated from below upwards, or only its lower part, the sinas, 
partakes in the movement. 

The venous pulse frequently conBists of only a siuffle throb, syn- 
chronous with the syetole of the heart ; at other times the wave is 
doiilils, in which case the first part, that preceding the syBtole (presys- 
tolic), is tbo weaker, and tbo second, that coinciding with the systole, 
the stronger. When the systolic puke is double the diastolic collapse 
of the veins is divided similarly into two distinct movements. A 
double systolic wave (Anadicrotism) and a double diastolic subsidence 
of the Willis of the vessel (Katadicrotism) are usually readily detected 
by simple inspection and palpation ; the reduplication may bo more 
accurately demonstrflted, however, by moans of the sphygmograph. 

The persistent distension to which a pulsating jugular vein is 
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etibjected largely increases its calibre : in one case that was 
under my own care the breadth of the vessel was 1 ctm. — To 
mistake the venous pulse for that of the carotid arterj' ia hardly 
possible ; if it be auspected that the pulsation ia communicated 
from that artery to the ju<:;ular vein such a source of error may 
easily be excluded by so altering the position of the head that 
these vessels are broufjht into less close relation to each other. 
If the pulsation be presystolic a3 well fiyetolic, and somewhat 
feeble, it rather closely resembles simple undulation, from which, 
nevertheless, it may be at once distinguished by pressing upon 
the vein with the finger : umlulation disappears below the puint 
at which pressure ia made, (that is, in the central part of the 
jugular vein, that nearest the heart), while pulsation continuea, 
and is even intensified, by the proceeding described. 

Venons pulsation is caused by the regurgitation of a wave of 
blood which, during the systole of the heart, passes upwards 
into the vena cava superior and through it into the innominate 
veins and the jugulars. Such regurgitation most commonly 
depends on insufficiency of the tricuspid valves ; each contraction 
of the right ventricle drives a portion of its contents backwards 
through the right auricle into the superior cava and the inno- 
minate and jugular veins, The greater part of this backward 
wave reaches the n'i/Af jugular vein through the right innominate 
vein, as the latter is continuous, in almost a direct line, with 
the vena cava superior, while the left innominate vein joins it at 
nearly a right angle. The venous pulse is therefore more marked 
on the ri(jkt side, than on the left ; in the latter situation it may 
even be completely wanting. — In the early stages of the alTection 
the upward progress of the impulse is checked by the closure of 
the valves with which the jugular veins are furnished, and the 
pulse is thus confined to the lotcer part of the vessels, ptirticidarly 
to the sinus, and coincides exactly with the systole of the heart; 
beyond the pulsating sinus undulation of the vein may be ob- 
served, the result partly of the shock which is transmitted 
through the whole length of the vein, and partly of the obstruc- 
tion presented to the free outflow of blood. Gradually, however, 
the jugular valves are overcome by the persistent pressure from 
below, they lose their elasticity or are perforated or torn, and so 
become incompetent; the regurgitating wave then rises above 
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the Tahes, and pulsation is perceptible in the jugular vein as 
high even as the angle of the jaw. In casea of inBufficiency of 
the tricuspid valve, besides the systolic pulsation just mentioned, 
there may be a distinct, though much feebler, presystolic pulsa- 
tion, due to the regurgitation of blood which takes place on 
contraction of the overfilled right auricle. Presystolic and 
systolic pulsations of the jugular veins are thus always, without 
exception, pathognomonic of absolute or relative insufficiency of 
the tricuspid valve. 

Absolute insufficiency of the tricuspid valve is the result of 
organic lesion, while relative insufficiency is caused by excessive 
dilatation of the right auriculo-ventricular orifice from the unduly 
large quantity of blood contained in the right heart, the valves 
themselves being intact. Relative insufficiency of the tricuspid 
valve occurs also with stenosis of the mitral orifice * : venous 
pulsation is set up therefore in these cases, the whole length of 
the jugular vein being involved when its valves are incompetent, 
or only its lower part so long as these structures continue to 
perform their office. — But venous pulsation may also be observed, 
independently of the existence of any relative insufficiency of the 
tricuspid valve, in cases of stenosis of the mitral orifice; this 
symptom, indeed, is comparatively common in the severer forma 
of this valvular lesion. It is produced by the contraction of the 
overloaded right auricle, (and is accordingly presystolic), is but 
feeble, and limited to the lower part of the jugular vein. — And 
finally, in certain rare cases venous pulse is developed in the 
absence of any affection of the heart, that is, without mitral 
lesion, from simple uncomplicated insufficiency of the valves 
of the jugular vein (Friedreich). In pathological conditions, 
(pulmonary emphysema for example), which give rise to per- 
sistent obstruction of the current of blood through these vessels, 
their valves yield gradually to the strain they have to bear in 
each expiration, they become relatively or really insufficient, and 
on the contraction of the right auricle a quantity of blood is 

* This may occasionally arise even though the mitral vnlve be structumll^ unaffected, 
aa in II caise whicti I recently luid an opportunity of obeerving, in which a coosider- 
ablfl dilataticn of tbe right ventricle appeared as one of the resulti of pulmonary 
phthisis ; on pnit morlcm examination the tricuspid vnlvo wu found to be normii], 
the orifice, hove^er, bcinf; wide enongh to admit three fingerts while the mitral ralTo 
and orifice thowed no trace of morhid alteratiou. During life a syttolio murmur was 
audible at the lover part of the gternQm, and the extremely dilated jugalar veins 
pulsated syrtchronoaaly with the systole of the heart. 
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thrown back into the jugular vein ; but a venous pulse generated 
in this way is necessarily very focble. 

Id UQComplicated cases safficient evideoce is usually fomi&hed by 
simple inspection of the venous pulse to enable us to tell whether 
it is caused by incompetency of the tricuspid valve, or, the latter 
being normal, by insufficiency of the valves of the jugular vein from 
prolonged distension of the right auricle : in the former case the 
throb is distinct, forcible, and Bystoltc, in the latter case it is always 
presystolic ; anscultation of the heart also shows that tricuspid 
insufficiency is marked by a loud systolic murmur, audible even in 
the jugular vein, while if the valvular apparatus in question be 
intact only a pure systolic heart-souud is heard. Whether, on the 
other hand, the pulsation arises from a real or only a rclativo iucom- 
petency of the tricuspid valve, can not be made out with confidence in 
every case, as in Loth conditions, in addition to the eimilarity of the 
appearances so far as the pulse itseif is concerned, there is the same 
systolic murmur over the right heart, though in absolute insufficiency 
it is much louder than when the defect is merely relative. If in the 
later stages of tricuspid insufficiency the contractile power of the right 
ventricle is diminished the venous pulsation becomes feebler, and may 
even disappear entirely if the backward impulse do not travel so far 
peripherally as the jugular veins. 

But it is not possible by means of inspection alone to determine 
with certainty in every case whether the pulsation is limited to the 
sinns of the jugular vein or extends also to a further point in the conrse 
of the vessel, a variable amount of undulation being generally added 
to the pulsatory movement, as the vein when agitated does not at once 
return to a state of rest. In such circumstances palpation otfers mora 
reliable information : thug, if the finj^er be placed on the pulsating jugular 
vein at the parts at which it is provided with valves there is felt a systolic 
thrill, which owes its existence to the regurgitation of blood through 
the incompetent valves, when the heart's action is sufficiently strong, 
and particularly during an attack of coughing. This phenomenon is 
naturally also appreciable to the ear as a more or less loud murmur. 
If, on the contrary, the jugular valves be competent this fremitus is 
wanting, and is often replaced by a clearer sound, the sound of the 
jugular valves (Bamberger}, produced by the sudden tension of these 
parts from the impact of the regurgitant wave. 

In general the retrograde irapulso does uot go beyond tbe in- 
ternal jugular vein ; in other cases, however, smaller vesaela 
which join it also pulsate, relatively most frequently tlio external 
jugular and thyroid veins, more eeldom the veins of the face. 
Should a portion of the wave pass from the innominate into the 
sabclavian veins, the larger veins of the regions drained by these 
venous trunks, the axillary, brachial, and the superficial veins of 
the arms, exhibit similar pulsatory movements. 
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Occasionally the pulsation is propagated not only through the 
Tena cava superior but also into the inferior cava ; hot it 
appears in the latter Vessel and in those discharging into it, only 
when the force of the impulse is sufiScientlj great, and that 
occurs only in cases of ahaolute insufficiency of the tricuspid valve. 
If the wave be feehle it is lost before it penetrates any distance 
into the vena cava inferior. That a venous pulse should be so 
rare in the domain of the inferior cava is explained partly by the 
fact that the situation of the orifice by which that vessel opens 
into the right auricle is very unfavourable to the admission of a 
backward current of blood, and partly by the great length of the 
course of the vein before it becomes accessible to palpation in 
the abdominal cavity. 

Not unfrequently the impulse traverses the vena cava inferior, 
reaching as far as the hepatic reinSy when it gives rise to a 
rhythmical pulsation of the liver, following closely after the stroke 
of the heart. If the liver be also increased in size, as in such 
cases it generally is, from the congested state of all its veins, so 
as to form a more or less prominent tumour below the ribs, this 
pulsation is perceptiblo to the finger applied over any part of the 
organ, and is thus easily distinguished from the circumscribed 
elevation of the left lobe of the liver which is so often caused by 
the systolic expansion of the subjacent abdominal aorta. 

Hepatic pukntion in cases of insufficiency of the tricuspid valve is 
partly, though not exclusively, due to the rhythmical dilatation of the 
vena cava inferior, which liea behind the liver : apart from the fact 
that the pulse of this veBsel is loo feeble to raise such a heavy organ 
to any marked extent, the feeling communicated to the hand is not 
merely that of uplifting of the hver as a whole, but at all points it is 
of the nature of a pulsation. —In certain cases the pulse of the hepatic 
veins is an earlier phenomenon than that of the jugular, the inferior 
cava not being provided with any valvular apparatus which might for a 

Ltime stem the backward current of blood through it to the veins of the 
liver (Friedreich), 
rai 
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Pulsation of the femoral veins is sometimes, (though very 
rarely), observed as & result of insufficiency of the tricuspid 
valve, as the greater part of the blood regurgitating into the 
vena cava inferior enters the hepatic veins, only a very small 
portion of it going past tho orifices of these vessels. 

It may be here remarked that feehle ptilmlioti sometimes also occurs 
as a phi/sioloffi<ral sign in tbe superficial vfins on the back of the 
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hand and the donum of the foot, when the impnise generated by the 
contraction of the left heart is not abolished in the capillaries, but 
passes thronj^ the latter (giving rise to a capillary pnlse, visible in the 
finger nails) into the veins. Quincke has durected special attention to 
this symptom, vrhich, however, had been noticed by several earlier 
aathors. It may appear in those who are in perfect health, but is most 
common in cases in which the pressnre within the arteries is patho- 
logically increased and suddenly diminished, — particularly, therefore, 
in aortic insufficiency, but also, as Quincke, and more recently Peter 
and Broadbent have shown, in various other conditions characterised 
by a certain degree of relaxation of the arteries. 
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The investigation (by means of palpation) of tlie phenomena 
which, depend for their existence on the action of the heart, and 
which manifest themselves in the prnecordial region and the 
parts in its vicinity, is in many respects supplementary to 
inspection, the results already acquired by the latter method 
being completed and rendered more intelligible by those obtained 
by the former, though palpation alone is also capable of affording 
very important iu formation. Very frequently palpation and 
inspection are employed simultaneously, a fact the practical 
bearing of which has been repeatedly pointed out while discussing 
the signs observed in inspection. 

The phenomena to which examination by palpation ia usually 
directed are : the cardiac impulse, its force and extent ; pulsa- 
tiojis appearing at varioas points on the surface of the thorax, 
and connected directly or indirectly with the impulse of the 
heart; murmurs which communicate a certain feeling of vibration 
to the hand in the prsecordial region ; the arterial pulse. 

Palpation of the impulse of the heart yields substantially the 
same indicationu as inspection, but with more rigorous exactness, 
particularly as regards its situation, extent, and force. Slight 
increase of the energy with which the heart contracts, an 
impulse of a hea'ving character, extension of the area of impulse 
towards the right, &c., are conditions the presence of which 
can often be determined with certainty only by the aid of 
palpation. 

Murmurs assoc'ut ted with tactile vibration are occasionally felt 
in the priEcordial region, coincident with the heart's contraction 
(systolic), going immediately before it (presystolic), following 
closely after it (diastolic), or occurring iiTegularly in the pause. 
Systolic, diastolic, and presystolic ihrilla of this kind originate 
within the heart or at the root of the great vessels, while those 
observed in the interval between the contractions of the heart 
arise in parts external to that organ ; the former are termed 
endocardial thrills y the latter exocardial, or, as they are generated 
within the pericardium, pericardial thrills. 
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Endocabdial Thrill. 

Endocardial thnll gives to the hand the impresaion of light 
robbing or vibration, a sensation wLicli so resembles tlio purring 
of a cat that Ltennec bestowed on it the name fremissement 
cataire. It is set up when the blood-Btream during the systole or 
diastole or (rarely) during both phases of the heart's action, ia 
thrown into vibration, acquiring a whirling motion, from contact 
with degenerated valva, or at contracted valvular orifices, or in 
pathological dilatation of the initial portiona of the great vessels. 
This vibration, which is fdt as a thrill, is also audible as a 
murtntir ; but every such disturbance within the organs of 
circulation is not sufficiently great to make itself sensible 
externally to palpation, only a comparatively small proportion of 
andiblo murmurs being associated with tactile vibration. Endo- 
cardial thrill usually increases in intensity as the heart's action 
becomes more energetic, or may even in that way be first called 
into existence. 

1. Sybtolio Thrill. 

This may be developed at the mitral, tricuspid, aortic, or pul- 
monary orifice. It is cither most marked at the point at which 
it originates, provided there be no obstacle to its transmission 
to the surface at that situation, — as when the heart is covered 
by lung, — or it is propagated most distinctly in the direction of 
the current of tho blood. 

Purring tremor, systoUc in rhythm, felt most intensely at the 
apex and becoming feebler the further the hand is removed from 
that part, either to tho right or upwards, is invariably due to 
insufficiency of the mitral valve. Immediately over the valve 
itself (at the sternal insertion of the third rib, in the second left 
intercostal space) it is not appreciable, the base of the heart 
being there sheltered behind a process of lung tissue. 

Systolic vibration in iosufficiencj of the mitral valve is nevertheleas 
far from commou, occurring, according to my obaervationa, which in- 
clude nearly 200 instances of this valvular lesion, in little more than a 
fifth of the cases ; it may bo wanting even though the accompanying 
murmiir be loud and harsh. 

Systolic fremissement most perceptible at the lower end of the 
sternum is generally transmitted from the aortic orifice, or is 
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caused, in very rare cases, by incompetency of the tricuspid 
valve. 

Such a thrill is to ba referred to incompetency of the tricuspid valve 
only when associated with pulsation of the jugular veins. In four cases 
of tricuspid insufficiency which caiae under my notice there was no 
trace of vibration of this kind.— Moat commonly it ia propntjatcd from 
the aortic orifice, in cases of Btenosia or atheromatous degeneration of 
the vessel, and in these circumstances is diffused over a large part of 
the Bternnm and the adjoining costal cartilages. 

A systolic thrill cotijincd to a spot in the second left intercostal 
space, near the Bternum, may arise from roughness or contraction 
of the pulmonary orifice, both very rare valvular affections ; it 
may also be due to mitral insufficiency, when, for instance, 
the base of the heart lies in immediate contact with the chest- 
wall, from retraction of the anterior margin of the left lung. 

SjBtolic fremissemcut in the second right intercostal space, close 
to the sternum, radiating along the body of the bone even to the 
ensiform process and to the adjacent insertions of the ribs on the 
right side, proceeds from roughness or contraction of the aoilic 
orifice, from atheromatous degeneration of the aortic walls, and 
from aneurisms of the ascending aorta. 



2. DiABTOLio Thrill. 






Diastolic thrill most frequently takes its rise at the mitral 
orifice, more rarely at the aortic orifice, still more seldom at the 
pulmonary orifice, and is scarcely ever dependent on uncomplicated 
disorder of the tricuspid orifice. 

Constriction of the mitral orifice produces a diastolic thrill, the 
current of blood being agitated or thrown into eddies in passing 
from the left auricle into the left ventricle. This tremulous 
sensation is felt most distinctly at the apex of the heart, is usually 
spread over a somewhat large area, hut is not at all points of 
equal intensity. It exists in every case of cojisiderahle stenosis 
of the loft tturiculo- ventricular orifice, or, if it be wanting, may 
usually be developed by whatever tends to increase the heart's 
action, — raising the arms rapidly, or walking quickly to and fro» 
&c. It lasts either throughout the whole of the diastole, or 
appears only at the end of it, shortly before the systole, and is 
therefore sometimes also called presystolic thrill. If it be pro- 
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longed through the whole diastole to the next Bjstolo it is 
geoerally feebler at its commencement ; at the end of the dia- 
stole, that ia in the presystole, it is suddenly much aufrmented 
in intensity by the contraction of the auricle, wLich presses the 
blood with greater force throafrh the narrow mitral oritice. Such 
cases are usually also characterised by a loud murmur, quite 
perceptible to the hand, but still more so to the ear, similarly 
divided into two stages or portions (see Mitral Murmurs). 

The diastolic thrill generated nt the aortic office does not, like 
that originating at the mitral orifice, show the jerking quality just 
mentioned, but ia continuous, of nearly equal intensity during the 
whole of the diastole. It occurs, though not very frequently, in 
insufficiency of the aortic valves, and is owing to the regurgitation 
of blood from the aorta into the left ventricle. It may usually be 
felt over the whole of the sternum, but is most fully develojKjd at 
that part behind which the aortic oritice really lies. FremissH' 
mcnt of this description, radiating to some distance over the 
sternum and further also to the left or right, appears not only in 
aortic insufficiency but also as one of the signs of large aortic 
aneurisms. 

Diastolic thrill from valvular lesion at the orifices of the ritfht 
heart is exceedingly rare. 

Diastolic thrill over the ptdmotuxrif orifice is connected with 
incompetency of the pulmonary' valves ; it manifests itself in the 
second left intercostal space at the sternal insertion of the third 
rib, and is limited to a comparatively small area. 

On only one occasion have I felt a dinstolic thrill clearly traceable to 
pulmonary insufficiency. Its situation, and the point at which it \b of 
maximum intensity, effectually guard ftgainet its being confounded with 
a thrill from any other source. Such a mistake iu possible only in 
those comparutively rare cases of mitral stenosis in which the left 
auricle, beiug exposed by the retraction of the anterior border of the 
left lung, cornea into close contact with the thoracic parietes, when a 
similar thrill is noticed also in the second left intercostal spnce. In 
these circnmstaaces, however, the tremor is etrongest at the apex of 
the heart, and is further diffused over a much larger surface than the 
vibration due simply to pulmonary insufficiency. 

Diastolic thrill originating at the trimspid orifice is always the 
result of stenosis. This lesion is one of the rarest in the whole 
range of heart affections, and almost never occurs without com- 
plication. 
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Pericahdial Thrill. 

Pericardial friction-Bomid is frequently accompanied by a thrill, 
produced by the movements of the heart, the vi&ceral and parietal 
layers of the pericardiam, roughened by inflammatory fibrinous 
deposit, being thereby caused to rob on each other. — As this 
sign is better appreciable by the oar than by the hand, it is 
reserved for discussion in the chapter on Auscultation. 



Pulsations of the Large Vessels. 

Palpation also proves useful in the investigation of certain 
circumscribed pulsation s observed at various points on the 
anterior surface of the chest, and dependent on the movements of 
the great vessels, the aorta and subclavian artery. The causes of 
these pulsations (undue expansion of the vessels from hyper- 
trophy of the left ventricle, or aneurismul dilatation of the aorta) 
have already been under consideration on p. 220, in the section 
devoted to Inspection. 

Palpation elucidates their nature more fully and exactly than 
Inspection, particularly with regard to the area they involve, their 
force, and the presence or absence of thrill. 

From the pulsations just mentioned, due to dilatation of the 
arteries and synchronous with the systole of the heart, certain 
others are to be distinguished, diastolic in rhythm, and confined 
to a small part of the great vessels close to their origin. There is 
thus sometimes seen and felt in the second left intercostal space 
close to the sternum a strictly circumscribed pulsation, appearing 
an instant later than the heart's impulse, that is, in the diastole ; 
in very marked cases this alternate elevation of the tissues over 
the apex and those in the second intercostal space is well 
brought out by lightly placing a finger on each of the spots 
indicated. This short diuatoUc stroke proceeds from the pulmo- 
nary artery, and is connected with hypertrophy of the right ven- 
tricle ; it is the expression of the unduly forcible closure of the 
pulmonary f^alvcs, from the abnormally energetic recoil of the 
blood within the vessel. The conve3'ance of this impulse to the 
chest-wall is favoured by conditions in which the rigidity of the 
thorax is diminished (it is therefore moat perfect in children), and 
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by retractioti of the anterior border of the left lung, such as 
results from hj'pertrophy of the right ventricle, when no lung- 
tissue is interposed between the pulmonary artery and the thoracic 
parietes. Where there is no retraction of the lung the diastolic 
impulse of the pulmonary artery is exceedingly feeble or 
absolutely wanting ; it disappears also at a later stage when the 
contractile power of the right ventricle is lessened by fatty 
degeneration of the musctilar substance of the heart. Inasmuch 
as the pulsation in question can be set op only by a very con- 
siderable degree of hj-pertrophy of the right ventricle, and as such 
enlargement results only from defects of the mitral valve, a dia- 
stolic impulse plainly emanating from the pulmonary valves may 
bo looked upon as an almost certain sign of mitral insufficiency 
or stenosis of the left auriculo-vontricular orifice. — This pheno- 
menon presents itself also to the ear in the greater loudness of 
the pulmonary arterial sound. 

More rarely a diastolic impulse is felt in the second right inter- 
costal space, close to the sternum. It comes from the aorta, and 
is occasioned by the ahiwrmaUif forcible closure of ike aortic 
valve, observed In kiipcrirophy of the left vrntndc. Its rarity 
is due to the fact that the conditions which give rise most 
frequently to hj.'pertrophy of the left heart are precisely those 
in which the aortic valve is more or less diseased and incom- 
petent ; this form of pulsation therefore is hmitcd to those cases 
of enlargement of the left ventricle which, unattended by aortic 
valvular lesion, depend on contraction of the kidneys or sclerosis 
of the arteries, though even in such circumstances the symptom 
is seldom met with, as the heart is not always sufficiently hyper- 
trophied, nor does the aorta approach close enough to the chest- 
wall, to ensure the ready transmission of the diastolic valmlar 
impulse. 

Examination of the Ajiteeial Pulse. 
The pulse is always taken at the radial artery, or at the carotid 
or other superficial arteries (the brachial or femoral) for the sake 
of comparison. 

1. Frequency of the Pulse. 

The acceleration of the pulse in all febrile conditions has 
already been referred to (p. 8). In diseases of the heart the 
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frequency of the pulse is most commonly increased, seldom 
normal or diminished. It is invariably increased in the acnte 
affections of the heart (endocarditis, myocarditis, pericarditis), 
very generally (among the chronic diseases of the heart) by valvu- 
lar lesions, and in all those disorders grouped together under the 
term cardiac neuroses. 

The rate of the palae in the chronic, apyroxial diseases of the heart 
(valvular lesions) varies from 80 — 120 bejits per minuto, the higher 
numbers being reached only occasionally, when the heart is stimulated 
to greater activity by physical exertion. The pulse of mitral lesion 
often dillera very markedly, with respect to freqaency, from that of 
aortic disease : in the former it is almost always rapid, iu the latter it 
may be scarcely altered, normal, or even (as in eases of constricUon of 
the aortic orifice) sub-normal. A elow pulse somotimei! accompani«>s 
atheroma of the aorta, probably from mechanical irritation of the 
cardiac branches of the vagus. ^ — Patients sufl'ering from idiopathic 
fatty disease of the heart, also, have usually a remarkably slow pulse, 
(iu two such cases noted by me it fell, in the one to 28, in the 
other to 22, per minute), though in some instances it is normal or even 
accelerated. The pulse may fiu-ther be very strikingly retarded, num- 
bering 18 or even fewer beats per minute, without any disease of the 
heart being objectively recognisable ; causes located in the nervous 
centres may then be suspected, and now and then actually demonstrated. 



2. Rhtthm of the Pulse. 

In hoaltli the strokes of the pulse follow each other at perfectly 
regular intervals, that is to say, the heart is rhj'thmical in action. 
This rhythm, however, is subject to very frequent disturbance : in 
the minor degrees of irregularity the arhythmical contractions of 
the heart are few and occur at variable points in a moderately long 
succession of rhj-thmical contractions ; in the severer forms the 
pulso loses all trace of regularity, and its individual beats very 
generally become unequal in volume and force. — Absence of 
rbji-hm may appear in llio course of the most widely different 
diseases, as the expression of a derangement of the innervation of 
the heart ; slighter deviations in this direction are also witnessed 
in physiological conditions, especially in advanced old age, and 
transiently under psychical influences. The greatest amount of 
irregularity is found in cases of cardiac disease, particularly of 
valvular affections, and of these it is most frequently attendant on 
mitral lesion. Irregularity of the pulso is most commonly first 
developed in heart diseases at a rather advanced stage, when the 
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compenBatory stmctaral clian^es fail to answer their purpose, the 
only exception to thia rule being stenosis of the left auriculo- 
ventricolar orifice, in which this symptom may make its appear- 
ance while compensation is still perfect. 

An artificial and temporary tlisturhauce of the rhythm of the 
poise may be excited, in cardiac diseases, by the use of digitalis. 

A peculiar variety of irregnlarity of tbe pulse has been described by 
Traube, under the designa'-ion piilstu 1/it/fniinu.s. This eoneiBts of a 
polae in which the beatfl nut in pairs, a Bomcwhat protracted pause 
occurring regularly between every two pulsations, that is, between 
every two contractions of the heart. The cause of the bigeminate 
pulse has not yet been Batisfactorily made out. This and other modi- 
fications of tlie rhythm of the pulse ore sometimes discovered in 
animals in which the intracardinc blood-pressure is augmented. In 
men it is associated almost exclusively with the existence of some ob- 
struction to the circulation (valvular defects, &c.). — Instances of pulsus 
trufninmu, in w^hich every third beat is followed by a pause, have been 
pat on record by Riegel, Rosenstein, and others. — A further variation 
of the bigeminate pulse is presented in the pulsus (ilti'rrKinn, which is 
characterised by the rej^ular alternation of a small feeble pulsation 
with one which is larger and stronger (Traube). Like the pulsus 
bigeminuB it appears, according to Schreiber, in a great variety of 
conditions, relatively most frequently in cases of mitral lesion. Occa- 
sionally the second of the two beats becomes su feeble as to be no 
longer recognisable by the finger, notwithstanding the fact that both 
contractions of the heart are still distinctly appreciable to palpation in 
the praecordial region ; there is but onr pulsation at the wrist, therefore, 
to represent every two contractions (Friintzel), the secinid of which is 
thus altirtive. — The irregularities of pulse just named merge readily 
into each other, each form then lasting for a variable period. Arhythmical 
action of the heart, particularly that which depends on the administra- 
tion of digitalis or on mitral stenosis, is often for a short time accom- 
panied by a pulse having the characters of the pulsus bigeminiis or the 
ptdsus alteruaus, but it is very seldom that tliese phenomena are re- 
peated for any length of time with such a degree of constancy that the 
irregularity becomes really rhythmical in its recurrence. — Another and 
somewhat rare variety of pulse has been described, the />h/.w» nujurus, 
in which a full and forcible pulse-wave is followed by a series of several 
beats gradually decreasing in volume, this snccessiou of changes being 
maintained with a certain degree of regularity. 

The rhythm of the pnlse may further be disturbed in such a way 
that the blood waves do not arrive at the two wrists at precisely the 
same moment. This inequality is met with when the aorta is 
the seat of aneurismal swelling, circulation being delayed in the 
arteries of the side towards which the ancuri&m lies ; it is most 
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evident when the tumour ia situated on tbe arch of the aorta, 
between the vessels which sprinff from it, — the innoiDiuate artery 
(or right subclaviao) and left subclavian. 

In other cases of aneurism, especially of the ascending aorta, 
the pulse in the radial arteries is not indeed unequal, but is con* 
siderably postponed ; instead of occurring directly after the 
cardiac systole, it does not appear till a distinctly appreciable 
interval has elapsed. This is also sometimes caused by stenosis 
of the aortic orifice, from the longer duration of the systole in that 
afl'ection. And in the severer forms of aortic insufficiency the 
pulse, more particularly that of the carotids, is not synchronous 
with the heart's impulse, but ia felt an instant later, a circum- 
stance which has been explained by the supposition that the 
blood projected into the aorta at the beginning of the systole 
encounters the regurgitating blood-stream, and is therefore later 
in reaching the arteries of the neck (Tripier).— Finally, large 
aneurisms of the descending aorta tend to retard the pulse-wave, 
HO that it is not perceptible in the femoral arteries so soon aa in 
the radials. 



3. Inteemisbion of the Pulse. 

In observing the pulse it is often noted that after several 
regular strokes one or sometimes two are omitted. This depends 
on one of two conditions : either the heart's action is periodically 
interrupted {pulsus dijiciais), which is most commonly the case, 
or more rarely certain of its contractions, though regular enough, 
are not sufiiciently energetic to give rise to a corresponding throb 
of the radial arteries. Such an intermittent pulse is sometimes 
seen to be compatibla vtith the enjoyment of perfect health in 
other respects ; it presents itself also in very diverse aflFections, 
independently of any disease of the heart, though in a large 
number of cases it is associated with positive cardiac disorder. It 
ia often connected with a partially-filled or shrunken state of the 
left ventriele (from mitral atenosia or mitral incompetency), when 
an abnormally small quantity of blood ia thrown into the aortic 
arterial system on each contraction of the heart ; it is most fre- 
quently due, however, to that diminution of the heart's contractile 
power whicli takes place in the later stages of every cardiac 
disease. 
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4. Volume op the Pulsk. 
geness or smallness of the pulse depends on that of the 
blood-ware which passes through the radial artery, and this 
again depends, cceteris paribm, on the capacity of the artery at the 
wrist. Even in health the circumference of these vessels is very 
diflferent in different persons, some having wide arteries and a 
fnll pulse, others slender arteries and a small pulse; between 
those extremes numerous gradations are observed. The volume 
of the pulse in health and disease also varies with the energy of 
the heart's action, though even in the absence of any undue 
excitement of the organs of circulation many individuals present 
a pulse the strokes of which are veiy unequal. When the radial 
artery is permanently distended, as in insufficiency of the aortic 
valves, it becomes the seat of persistent pathological dilatation, 
and the pulse is in consequence incrcmed in volume. On the 
other hand, diminution of the calibre of the artery and of the 
volume of the pulse takes place when the quantity of blood circu- 
lating in the Bysteniic arteries is abnormally small, a condition 
which is realised in the following circumstances : in stenosia of 
the aortic orifice ; in cases in which the descending aorta or the 
aortic arch is compressed by morbid gron'thB, such as mediaatinal 
tumours ; when the arteries of the body generally are unduly 
contracted ; in all diseases of the heart in which the systemic 
arteries are deprived of their proper share of the blood in circu- 
lation, from congestion of the pulmonary vessels and of the whole 
venous system — in mitral stenosis, mitral insufficiency, &c. The 
pulse always becomes smaller as the heart's action begins to fail : 
if the heart be very seriously enfeebled, as it is in the last stages 
of those affections which terminate fatally, and temporarily in 
ordinary cases of fainting, pulsation is so slight as to cause 
scarcely any appreciable elevation of the artery {threaddy pulse) or- 
merely a shght quivering movement is communicated to the- 
arterial wall {tremnlowi puhe). In the asphyxial stage of cholera 
the radial pulse disappears altogether. 

Rhythmical variations are sometimes observed in the volume' 
of the pulse, dependent on the influence of the respiratory 
movements ; the characteristic features of this sign are that 
simultaneoudy with each inspiration the pulse-wave in all the 
arteries is rcdured in magnitude, or is absolutely suppressed on 
making a full and deep inspiration, but returns to its normal: 
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volume during expiration. This form of pulse, first noticed by 
Griesinger, and named ptd»us parathxus by Kussmaul, occurs in 
various diseases^ and is an index of the presence of one of two 
conditions : the existence during inspiration of a direct mechani- 
cal obstacle to the emptying of the left ventricle into the aorta, or 
increase of the negative inspirntory pressure from changes Avbieh 
prevent the free entrance of air into the lungs. The moat strik- 
ing esamples of the first condition are found in Jibrons nicduisti- 
nilis and Jibrou^ pericnrditis ; the firm cords of connective tissue 
developed in these affections, passing from the sternum and 
pericardium upwards and backwards towards the great vessels, 
enclosing the latter and to some extent dragging them from their 
normal position and attaching them more or less intimately to 
the sternum, are put on the stretch when the thorax is dilated in 
inspiration, and grasp aud constrict the aorta, innominate artery, 
&c. Only a portion of the contents of the left ventricle, therefore, 
finds its way into the aorta during inspiration, the arterial pulse 
is rendered feebler, or even disappears if the chest be expanded 
to its utmost ; in expiration, on the contrary, the aorta regains its 
natural calibre and the pulso its normal volume. It is plain also 
that the pulse will be full enough which responds to those con- 
tractions of the heart which do not happen to coincide with an 
inspiration. — But the puhits paradoxus is also observed in certain 
cases of pericarditis in which the aorta is free from the embrace 
of such adhesions. Its occurrence in these circumstances is 
ascribed to varions causes : to occasional embarrassment of the 
lefl ventricle daring inspiration, from thickening of the pericar- 
dium associated with atrophy of the muscular structure of the 
heart (Traube, Strieker) ; or to the pressure of poricardiaJ 
effusion, which retards the flow of blood from the vena^ cavse into 
the heart, particularly during expiration (when the intrathoracic 
tension is augmented), so that the heart contains less blood at the 
beginning of inspiration than at the commencement of expiration 
(Biiumler).^ — The second condition described as favourable to the 
production of the pulstts paradoxtts is found in stenosis of the air- 
passufips. Even in health the pulse may bo slightly of this 
character, as each inspiration lessens the pressure within the 
thorax and within the aortic system of vessels generally, while 
expiration, on the contrary, adds to this pressure ; the arterial 
pulsations thereforej, which correspond to such contractions of the 



ire coincident with inspiration are smaller than those felt 
dtiring expiration. These differences, though usually so trifling 
as to be inappreciable hy the finder, are readily demonstrable on a 
Bphygmographic tracing, the primary wave of the inspiratory 
pulsations being considerably lower than that of the expiratory 
poise (Riegel). If, however, the inspiratory negative prcssnro 
within the thorax be abnormally low, as in cases of stenosis of the 
larger air-passages, and if to this be added as a second factor 
diminution of the contractile power of the heart, the inequalities 
just mentioned are much exaggerated, and are easily detected by 
the unaided sense of touch, pulsation being sometimes completely 
abolished during inspiration. 

Inequality of the pulse in one radial artery as compared with 
that in the other {pulsus differem) may be of physiological or 
pathological origin. Of the former nature are those instances in 
which the vessel divides into its two branches at a higher point in 
its course on one side of the body than on the other, and bo 
comes to be of comparatively small cahbre at tho part at which 
the pulse is usually taken ; and as this anomaly is not on the 
whole very rare, it should always be looked for when marked 
difference in the radial pulses presents itself. Pathological 
inequalities of this kind are most commonly due to pressure on 
the arteries of one side, us by intrathoracic tumours implicating 
the aorta between the left common coi'Otid and the left subclavian, 
occasionally also by tumours (carcinomatous lymphatic glands) 
which press upon the axillary artery ; partial obliteration of one 
of the brachial arteries, and other local and generally easily 
recognised causes, often give rise to the same phenomena. 

5. Tension of the Aetery. 



By this term is meant the pressore exercised by the blood on 
the inner surface of the vessels. It reaches its maximum when 
the expansion of the artery is at its height, and sinks to its 
minimnm at the end of the contraction of the arterial wall. The 
greater the distension of the vessel by tho blood-wave the greater 
is its tension. An artcr}' in a state of extreme tension is less 
compressible than one whose walls are more relaxed ; the 
former is hard to the touch, the latter soft, a tense artery thus 
making what is technically known as a bard puke, a relaxed 
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artery a soft pulse. Other tliingB being alike the intra-arterial 
preasure is increased by hypertroph}' of the left ventricle, and 
diminished when the action of the heart ia weakened, or when its 
cavities contain less than the normal amount of blood. — The degree 
of tension of the arterial wall during expansion detennuies also 
the extent to which the artery springs into prominence with each 
stroke of the heart ; the harder and stronger the pulse the greater 
will be the elevation of the artery, provided that the capacity of 
the vessel is not in any way lessened, (as, for instance, in cases of 
g ten 08 is of the aortic orifice). 

CoDfitrictiona of the left venous and arterial orifices offer good ex- 
amples of affections in which the differences in tension shown by the 
pulsti aro well-marked. lu the former the left ventricle receives less 
than the normal volume of blood on which to expend its energy and 
consequeutiy begins to atrophy at a comparatively early stage of the 
disease, when the pulse becomes smaller and of low^ tension ; in 
stenosis of the aortic orifice, on the other hand, though the blood-wave 
ia indeed small, as in the preceding case, and the radial arteries also 
contracted, the blood is forced onwards by all the power of a hyper- 
trophied left ventricle and the tension of the pulse is accordingly 
considerably raised. 

6. Celerity (activity) of the Polse. 

This termia used to express the relation which exists between 
the duration of the expansion and that of the contraction of the 
artery. 

In the Qormol condition the expansion of the vessel by the wave 
propagated from the heart lasts almost exactly as long as its con- 
traction ; this, at least, is the impression given to the finger, but 
the sphygmographic tracing shows that the lines formed by the 
dilatation of the artery are really shorter than those corresponding 
to its elastic recoil. The relation of these different parts of the 
tracing to each other, however, is subject to great variation. If 
from pathological causes the artery attain at once its maximum 
of expansion, and return equally rapidly to a state of quiescence, 
a pulse is produced which is designated the pulsus ccler, — a brisk, 
active pulse. The slighter manifestations of this peculiarity are 
scarcely appreciable by the finger, but in well-marked cases such 
a pulse is exceedingly characteristic, and is usually spoken of aa 
a bovndin(f pulse. This nimbleness in movement displayed by 
the arterial wall ia the more readily recognised the larger the 
vessel in which it is observed ; it is therefore more distinct in 




the braclijal and femoral arteries than in tlio radials. The 
most exquisite examples of this symptom are found in aortic 
insufficiency : the arteriea are quickly and forciLly dilated by the 
pressure of the blood driven into them by the enlarged and power- 
ful left ventricle, but their recoil follows as speedily, the systolic 
wave being exhausted in two directions, — centrifuf,'ally (into the 
capillaries) and centripetally (by regurgitation into the ventricle). 
A sharply-defined pulse, therefore, is regarded as pathognomonic 
of insufficiency of the aortic valves. 

A pulse distinguished by the opposite qualities is termed a 
slugffish pulse {pithm tardus). It ia noticed particularly when 
the arteries lose their elasticity, as from sclerosis. Vessels so 
affected present unusual resistance to expansion by the pulse-wave 
and subside equally slowly in the intervals ; they feel firmer to 
the touch than in health, and in exaggerated cases may become so 
hard as to be absolutely incompressible. 

7. DlCEOTISM OF THE PULSK. 

Though the finger applied to the radial artery in the healthy 
subject is sensible of but one impulse, occurring during the period 
of expansion of the vessel, it may be demonstrated by means of 
the sphygmograph (see p. 248) that in the period of contraction 
also a slight elevation of the artery takes place, — usually indeed 
two such elevations are observable in the tracing. These are 
caused by recoil-waves, that is, by blood-waves which, during 
the contraction of the arteries, flow backwardti towards the 
heart, where they encounter the closed aortic valves, rebound 
from these and again travel outwards towards the periphery. But 
if the tension of the arteries is lessened, as in high fever, and if, 
further, the primary impulse produced by the systole of the heart 
be short and vigorous, the reflected wave may effect such a con- 
siderable degree of diastolic elevation of the artery as will render 
the use of the sphygmograph superfluous, the unaided finger 
being sufficient for the detection of the feebler after-ntmkc. This 
is designated the double, or dicrotic pulse. It is fully developed 
only when the temperature becomes decidedly febrile, 39° — 40° C. 
(102'2° — 104" F.), particular!}' when it remains for some time 
at this point, as in typhus and other affections characterised by 
continued fever. In individuals already exhausted and emaciated 
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by chronic disease very slight fever and a comparatively low 
temperature BuflBce to give rise to distinct dicrotiam of the pulse, 
BB the arterial tension in such patients gives way more rapidly 
than in cases of acute disease in previously healthy persons. In 
febrile attacks of short duration, also, as in intermittent fever, 
dicrotism is observed, occasionally even when the poise is not at 
all increased iii frequency ; this fact is direct proof that the high 
temperatare, apart from the other phenomena of fever, is of itself 
to be regarded as the cause of dicrotism (Eiegel). 






la ihoge who are mach emaciated, in whom the radials p 
prominently, a double pulse may be recognised, without applying 
finger to Iho wrist or having recourse to the sphygmograph, by ex 
amining the artery in powerful sunlight, when it will be seen that each 
primary pulsation casta a shadow, which is followed by a second shorter 
shadow, on tlio adjacent part of the surface. Dicrotism sometimes also 
manifests itself in the double jerking movement occasioned by the 
poisation of the popliteal artery and communicated to the dependent 
leg and foot when the patient sits with one knee crossed over the other. 
In large animals this reduplication of the pulse may be demonstrated 
by puncturing the femoral artery and causing the stream of blood ^ 
issuing from it to impinge on a strip of paper moving slowly past it, a|^H 
wliicb it forms a tracing ; this process, described by Landois, is temili^^l 
Hionautograf'hjf, 

Th« hff>er-tlicrotou» pulse is observed in very high fever, in which 
the tempemtore ranges from 40° — 11° C. (104°— 105-8^ F.) ; in it the 
Mcond beat is somewhat later than in the ordinary dicrotons pulse, 
appearing immediatelj before the renewed exftaman of the artery, so 
that it closely resembles a preliminary systolic strolM. It is, however, 
really a dicrotic pulse, the peculiar character of which is dae solely to 
its rapidity, each primary pulsation following so hard upon the preceding 
Moondary stroke that the btter is dKntawd and to a certain extent 
rendered abortive. If the pulse beoome stall more npid even this 
shortened after>beet (or preliminary pnlwatiwi) dis s p p eer a, and the 
dicrotic pulee merges into one which is stxaetly monoerotic. — A pulse 
vbich is obeenrely dicrotic is named mA dirrohic ; it is noticed in 
aoderate fextt, when the tem p era tar e is caij sligbtly devmted. 
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Testigators. It coosiBts essentially of a delicate lever, firmlj attached 
to which is a small button or cushion ; the latter, being placed so as to 
rest exactly on the artery*, rises and falls with the expansion and con- 
fa'ActioD of the vessel and communicates these movements to the lever, 
which inscribes them on a slip of smoked paper fixed on a plate and 
earned forwards by clockwork. The more recently constrnctod instra- 
ments of Landois and Sonunerbrodt have this advantage over Marey's, 
that they indicate the precise amoant of pressure exerted on the artery. 
— Only the most important of the vast array of facta brought to light 
by the nse of the sphyf^ograph, can be mentioned here. It has been 
aaeertained that the normal pulse is not monocrotic, but always dicrotic 
(Marey), osually even tricrotic (0. Wolff). Thus, whilst the iine of 
ascent of '(// arteries, that which corresponds to the expansion or 
diastole of the arteries, is nearly vertical! (varying in height according 
to the size of the vessel under examination) and perfecthj unbroken, 
that which answers to the contraction or syBtote of the arteries is 
interrnpted by slight secondary cliititiom, of which two are more 
distinctly marked than the otberi^. The first of these owes its existence 
to the circnmBtauce that the blood-wave, when compressed by the 
elastic contraction of the artery, is not wholly propagated towards the 
periphery, a portion of it being sent backwards towards the heart, 
where it strikes against the already closed aortic valves ; the second is 
prodoced by the new wave which, generated by this shock, sweeps outr 
wards again in the direction of the peripheral arteries (Buisson, Marey, 
&c.). These elevations, known as the recoil-watrn, are the more 
clearly de&ned and appear the earlier (that is, the nearer the upper 
end of the down-stroko of the tracing) the closer to the heart the artery 
under examination, the less its tension, and the shorter the primary 
wave (that due to the primary expansion of the artery) ; the converse 
of these propositions also holds good (Landois). If both secondary 
waves occur in the period of contraction of the artery, which Ih usually 
the ease, the pulse Is tricrotic, if one bo wanting the pulse is dicrotic. 
—Besides these recoil-waves several other less marked undulations 
present themselves in the descending lino of the tracing, caused by the 
oscillations of the arterial wall as it returns to a state of rest after 
having been expanded by the primary (cardiac systolic) wave, and 
designated by Landois fhmticitif-witrfs. They vary in number in difle- 
rent arteries, and are the higher the further removed the vessel in 
question is from the heart and the greater its tension. 

Pathological deviations from the normal form of the pulse tracing 
are seen sometimes in the ascendiug, sometimes in the descending line. 
The np-stroke, which in tho heallby pulse is perfectly unbroken and 
nearly vertical, is occasionally interrupted by a number of small 
pointed elevations. These are observed when a large volume of blood 
is projected into the arteries by each systole of the heart, and when the 
expansion of the vessels is not etl'ected in one movement but in several 
successive oscillations. Such interruptions of the line of ascent are 
noticed in the following conditions : iu hypertrophy and dilatation of 
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the left ventricle, ospeciallj when consequent on nephritis ; in those in 
whom the elasticity of the arteries is diminished, — in old persons, 
therefore, nnd in caees of atheromatous degeneration ; in aortic stenosis, 
and in aggravated aortic inBufficiency (Landois). The tracing given by 
the arteries of paralysed parts of the body, where there is vasomotor 
paralysia combined with a slow circalation, is also of this character. 

The pathological modlitcations of the descending line of the pulse- 
tracing consist either of an exaggeration or a dimication of the eleva- 
tions nonnally present. Should those elevations, particularly the 
second of those described as recoil-waves, be considerably increased 
in height, this change becomeB npprecitthle to th<f fimjer as dicrotism, 
a sign the special causes of whiub have already been stated (p. 247). 
The recoil-waves, on the other hand, are enfeebled when the aortic 
valves become incompetent, as the regurgitation of blood which takes 
place into the left ventricle daring the cardiac diastole almost always 
eBectually counteracts any tendency to the propagation of such « 
secondary impulse towards the periphery. In stenosia of the aortic 
ori6ce also they are faint and imperfectly developed, OQ account of 
the partially filled condition of the arteries ; here, however, the slow 
expansion of the vessels (that is, the slow passage of the current of 
blood through the contracted orifice) is evidenced by the less upright 
sloping up-stroke and by the rounding of the apex of the tracing, which 
normally is distinctly pointed. — The tracings of mitral and other lesions 
of the heart show little that is characteristic ; that given by the small 
pulse associated with stenosis of the left auriculo-ventrictdar orifice is 
certainly throughout less elevated than usual, nevertheless it may be 
affirmed that on the whole only on approximative diagnosis as to the 
nature of the heart affection is possible if it bo founded solely on the 
data furnished by sphygmographic examination. 

Another instrument, named the " Pulsuhr," which promises to be of 
great service in the investigation of the properties of the pulse, has 
recently been introduced by Waldenburg, This is an ingeniously con- 
structed apparatus which enables us to measure with precision, and 
state definitely in figures, not simply to estimate, as heretofore, the 
tension, fulness, and volume of the pulse. It is fitted with a 
mechanism by means of which the position of the plate which rests on 
the artery and follows its pulsations, may be exactly regulated. The 
movements of the plate are communicated to a two-armed lever, from 
the extremity of the longer limb of which passes a thread ; the latter 
winds round an axle and so turns an index, which shows on a dial the 
distance, magnified about a hundred times, through which the plate is 
carried ; the diameter of the arter}^ that is, its fidness, is in that way 
obtained. The same indicator rises and falls with all the movements 
of the artery ; this gives the height of the pulsation, that is, the volume 
of the pulse, amplified to a similar degree. — To the end of the shorter 
arm of the lever is attached a spring, tbe case enclosing which is con- 
nected by wheel-work with onother index, smaller than that just men- 
tioned, showing on the dial the weight which at any gi%'en time presses 
on the spring. (The construction of the instrument is such that to 
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Mcertain tlus weight the distance travelled by the larger indicator has 
first to be deducted from that through which the smaller one moves). 
On taming the screw, the plate having been accorately a^jasted on 
the artery, the spring-case, and with it Uie lever and the arterial plate, 
are poshed downwards and both indicators caused to move, the oscil- 
lations of the larger of the two corresponding with the height of the 
pnlse-wave. The length of the greatest of these oscillations expresses 
the volume of the puUe. On screwii^ down the spring-case still further 
the moTements of the indicators become gradtuilly smaller and are 
finally abolished when the artery is completely flattened and its calibre 
-obliterated : the extent to which the position of the larger index has 
been altered may now be read on the dial ; this gives the diameter of 
the vessel, that is, its fulness at the time of examination ; the distance 
travelled by the smaller index, after subtracting from it the excursion 
of the larger one, shows the weight which was required to compress the 
artery, that is, the tension of the pulse. 

Palpation of the Veins. 

Almost the only veins ever examined by the hand are the jugulars, 
very rarely the snperficial brachial veins ; the others yield no diagnostic 
signs to palpation. The pulsation perceptible in the jugular veins in 
cases of insnfficiency of the tricuspid valves and other affections giving 
rise to overloading of the right auricle and incompetency of the jugulsur 
valves, and the more exceptional forms of pulsation observed in other 
superficial veins belonging to the domain of the vena cava superior, 
have already been nnder discussion ; the vibration of the walls of the 
jugular veins (fremissement or thrill), associated with chlorosis, is 
reserved for consideration in the section on Auscultation (see " Venous 
mmmurs "). 



252 



PERCUSSION OP THE HEART. 



Percussion of the heart is practised with one of two objects in 
view, — either the delimitation of thoae parts of the anterior but' 
face of the heart which, not being covered by lung, are in imme- 
diate contact with the chest-wall, or the definition also of those 
which are situated more deeply, behind portions of the pulmonary 
tissue. The superficial cardiac dulnesa may usually be mapped 
out with a considerable degree of precision j the percussion of the 
deeper parts, on the other hand, is attended by more difficulty 
and uncertainty. — It will contribute materially to a clear under- 
standing of the subject if the discussion of delaUs be prefaced by 
a short description of the position of the heart in relation to the 
thoracic parietes and the anterior margins of the lungs. The 
axis of the heart is directed from above downwards, forwards, and 
to the left, the organ being bo placed behind the anterior wall of 
the chest that two-thirds of its bulk fall to the left of the median 
line of the sternum and oue-third to the right. The highest point 
of the heart, the uppermost pai't of the left auricle, is found at the 
level of a line joining the lower edges of the sternal insertions of 
the second ribs (right and left) ; the lowest point of the heart, the 
apex, lies immediately behind the sixth left costal cartilage, to 
the inside of the mammillary line. The left boundary of the 
heart, formed by the left border of the organ, corresponds with 
a line passing from the second left intercostal space downwards to 
the apex of the heart, describing a curve the convexity of which is 
turned outwards, and whose greatest distance from the midiUe lino 
of the sternum amounts to 8 — 9 ctm. The nghi boundary, which 
coincides with the right border of the heart, is represented by a line 
starting from a point in the second right intercostal space close 
to the steruuni, terminating opposite the sternal insertion of the 
fifth right rib, slightly convex outwardly, and distant 2 — 3 ctm. 
from the right edge of the breast-bone. If from the lower end of 
the last-mentioned line to the apex of the heart another line be 
di'awu, the latter will mark the loiver boundary of the heart, 
formed by the wall of the right ventricle. 




In the space enclosed witliin those Hmita lies the hoart, for the 
most part covered by lung. A certain portion of its surface, how- 
ever, defined by the anterior marpina of the lungs, is not bo 
covered in. As already stated (see p. 108) the lungs are in close 
apposition anteriorly from the second to the level of tho fourth 
rib, being separated only by the anterior mediastinal fold of the 
pleurae. From this point upwards, therefore, the superior seg- 
ment of the heart, — both auricles and a part of the ventricleB,— 
is completely hidden by pulmonary tissue. 

At the level of the fourth rib the lungs diverge, the anterior 
margin of the left passing outwards through the fourth left inter- 
costal space, turning downwards and a littlo inwards opposite the 
fifth costal cartilage, and ending in the lower border behind the 
cartilage of the sixth rib. The greater part of the right ventricle, 
and the apex of the left, arc thus exposed j the rest of the left 
ventricle, very little of which indeed appears on the front of the 
heart, remains concealed. — The anterior border of the right lung 
turns outwards at a lower point than the left, opposite the sternal 
insertion of the fifth right costal cartilage; it merges imme- 
diately, at the level of the sternal end of the sixth rib, in the 
lower border of the lung. In following this course ifc overlaps 
to a slight extent that part of the right ventricle which lies 
farthest to the right- 
It is thus seen that the segment of the heart between which 
and the chest- wall no lung- tissue is interposed belongs, wth the 
exception of the apex, exclusively to the right ventricle, and in- 
cludes little more than the half of that port of the organ. Its 
extent, also, is not constant ; it varies somewhat with the difier- 
ences frequently observed in the configuration of the lungs. Even 
in the same individual the movements of respiration are found to 
affect very considerably the anatomical relations of the heart: 
during inspiration the edges of the lungs converge and encroach 
still further on the anterior surface of the right ventricle, and if 
the inspiration be deep and energetic the entire heart may be 
BO closed in ; forcible expiration, on the other hand, causes the 
margins of the lungs to retire, and a larger part of the heart's 
surface then comes to the front. 

Over the whole of the apace described as not occupied by 
Inng, except a narrow portion behind and to the right of the 
Btemum, the percussion-sound is dull ; this is termed the absolute 





IKCnEASED CARDIAC DITLKE89. 



257 



in the pleural sac, when the percussiou-souiid over the 
becomes tympauitic or motullic in quality ; or there may 
lid in the pleura, when the cardiac dulnesa is indistirigaish- 
from that of the left side geuerally, — provided the heart be 
isplaced. 

le I'ttril'ttir fhihicss is 'increased iij extent and intensity in 
rtrophy itud dilntutiou of the heart, this augmentation being 
I manifest in its'knfftk in enlargement of the left ventricle, 

its brendfh in enlargement of the right ventricle ; the dull 
farther takes a somewhat conival form when the jJfrif(»(ii«Hi. 
ed with Jittid. 

hypertrophy and dilatation of the left ventricle the point at 

1 the cardiac impulse is felt, below and to the outside of ita 
Lai situation, offers a ready means of determining approxi- 
ly the extension of the urea of dulness in an outward direc- 

In such cases also the fixuig of the upper limit of the 
ac dulness is exceedingly easy, as the lung, provided it 

not contracted adhesions, is pushed aside by the enlarged 
;, which then cornea closer to, or even touches, the thoracic 
tes. 

milarly. in cases of marked hypertrophy aud dilatation of the 
1 ventricle tbe nndue propagation of the heart's impulse 
rds the right at once inihcates the nature, and roughly the 
at, of the physical change, though usually the non*roson- 

to percussion, even when the dilatation of the right heart is 
derable, is not very apparent beyond the midste-rnal line. 

often happciJH tbut those who have not had laiiL-h experience in 
rt of percussion do not consider an dull, or as in any way con- 
d irith tbe heart, the somewhat clearer Bound obtaineil over the 
tun in examining from left to right ; but on comparing it with the 
|] polmonai'y nute, or on percussing still further towards the right 
le true luug-nound is educed, the area of dulness associated with 
jed henrt is soon Hcen to he liirger than at first euspocted. 
;ht dilatations of the right heart can be made out only by means 
t sense i^f resistance experienced by tbe finger in percussing. In 
1 of marked dilatation of the right ventricle not only does the 
lo dulness far overpass its normid boundaries to the right, but it 
idso somewhat beyond them lo the left, as h shown by tbe slight 
Ird diKplaceinent of the apex-beat. This is due to the more 
^ntal position which the heart assumes in such circumstances, the 
eary result of which is that the apex of the heart is carried further 
ilefU 
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cardiac dulnessj or, as it coincides with the moro superficial part 
of the aurfacG of the heart, the auperjiciiil dulness. It is to be 
distinguished from the lesa markedly dull sound giren by the rest 
of the prfflcordial region, which is designated the relative car- 
diac dolneBs. 

Before proceeding to the percussion of the heart the situation ** 
of the apex-beat should first be ascertained, as this indicates at 
once the inferior limit of the cardiac dulneas dnd thus facilitat 
its delimitation ; the points are then to be determined at whicl 
the clear pulmonary percussion-note passes into the dull sounj' 
yielded by tho heart. The upper limit of the ahsolute carduic 
dvlneM begins usually at the vpper border of the fourth left rib ; 
the left coincides with a shghtly curved Hne passing from the 
superior border of the fourth rib to the apex of the heart, insxi 
the mavimilhirtf line ; the right is marked by the left edge of the' 
sternum from the fourth to the sixth rib. The lower boundary, 
which corresponds with the lower border of the right ventricle, is 
not definable, as the cardiac sound is here continuous with that 
of the adjacent left lobe of the liver ; it may be represented, how- 
ever, by a line drawn from the sixth chondro-stemal articulation 
to the spot at which the apex-heat is felt. This space, the shape 
of which, when traced with black dermographic crayon, is seen to 
be that of an irregular four-sided figure, is not accurately com- 
mensurate with the superficial portion of the heart, as will be 
obvious on referring to the description already given of the ana- 
tomical relations usually subsisting between the heart and the 
margins of the lungs ; to the right of the left border of the sternum 
hes a part of the right ventricle not overlapped by pulmonary 
tissue, yet the percussion-note over it (at the middle of the 
breast-bone, towards its lower end) is not dull, but of the 
normal pulmonary quality, clear and of low pitch. The cause of 
this can only be that the sternum, from the readiness with which 
it enters into vibration, transmits the force of tho percussion- 
stroke to the adjoining lung, bo that the slight dulness which the 
right ventricle really gives is overborne by the clearness of the 
pulmonary note. This explanation is supported by the observa- 
tion that on placing the hand on the stemnm, and in that way 
diminishing its power to vibrate, the previously clear sound 
becomes somewhat muffled- 

The extent of the heart's surface not covered-in by lung being. 
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AS already noticed, Bobject to constant variation during the move- 
ments of inspiration and expiration, the dimensions of the region 
of absolute cardiac duhiess show similar changes ; the limits 
above set down, therefore, tiro applicable only to conditiona in 
which the respiration is perfectly superficial, when the differences 
referred to are so trifling as scarcely to vitiate the results obtained 
by percussion. It is always necessary, however, to direct the 
patient to cease breathing when absolute precision in the delimi- 
tation of the heart is required, particularly in determining its 
boundaries superiorly and to the left. Deep inspiration reduces 
the area of cardiac dulness both in height, as the apper Hmit 
sinks downwards, and in breadth, as the left boundary-Uno moves 
inwards ; only the right border of the region in question remains 
unchanged. — Whether the patient lies on his back, sits, or stands, 
is immaterial so far as the accuracy of the results is concerned ; 
but on turning to ono or other side the position of the apex-beat 
is altered and that of the cardiac dulness with it, the latter being 
diminished to the left and superiorly if the patient be on his right 
side and enlarged in the same directions if he be on his left. The 
boundaries of the heart to the right are as little influenced by 
attitude as by the movements of respiration. 

The inte7isity of the absolute cardUic duln/'ss is very inconsider- 
able, the organ percussed being but small ; the stroke must there- 
fore be light, in order to avoid awakening simultaneous vibration 
in the contiguous portions of the lungs, otherwise the true heart- 
sound will be lost in the clear pulmonary note. It is necessary 
to proceed >vith similar caution in examining the lower part of 
the praecordial region, particularly in children, as the tympanitic 
tone derived from the stomach may mask the dull sound belonging 
to the heart. Simple finger- percussion will be found the method 
beat adapted to the determination of the absolute cardiac 
dulness. 

Those portions of the heart which are overlapped by lung are 
inaccessible to percussion by the ordinary gentle stroke employed 
in the manner just described, the sound so elicited being loud and 
clear ; a firm stroke, on the other hand, often demonstrates a 
decided decrease in the loudness of the note as high as the third 
rib, indicating that here a thinner layer of lung has been caused 
to vibrate. Such a sound, therefore, though intrinsically clear in 
quality^ is somewhat muffled, that is, relatively! dull, as compared 
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with that obtained at other points, behiud which only long is 
situated. It is chiefly superiorly, towards the upper limit of the 
pnecordial region, that relative dulnesa ia observed on forcible 
percussion ; those other parts of the heart lying behind and to 
the right of the sternum give no muffling of the sound even in 
answer to a heavy stroke, and it ia only by avaihng oneself of the 
sense of resistance communicated to the finger, and at the same 
time as far as possible eliminating the vibrations of the stemam 
by pressing on it and in its immediate neighbourhood, that they 
can be recognised by means of percussion. But even this method 
fails to deraonstrato clearly that portion of the right ventricle 
which is beyond the right edge of the sternum. To define pre- 
cisely the irkole of tbe anterior surface of the heart is thus im- 
possible ; most commonly, therefore, nothing more is attempted 
than the delimitation of the area which is not sheltered behind 
pulmonary tissue. — It is obvious that the extent of this super- 
ticial cardiac dulncss is bo absolute guide to the real size of the 
organ within, as there is no constant relation between the covered 
and the non-covered parts of the heart, on account of the irregu- 
larities BO often displayed in the contour of the lungs anteriorly. 
Nevertheless the dimeusiona of the region in question usually 
warrant a general inference as to the presence or absence of en- 
largement of the heart, as such enlargement is always associated 
with increase of the area absolutely dull. 

In certain circumstances the absolute cardiac dulness may 
extend beyond the Limits above stated, even while the heart 
remains normal in point of size, as, for example, when the 
processes of lung which as a rule are found in front of the base 
of the heart, are atrophied and retracted, permitting the whole of 
the anterior surface of the heart to come into contact with the 
chest-wall. 

The area of cardiac dulness is, on the contrary, lessened, when 
the heart, though still of normal size, is shut in to an unusual 
extent by the lungs. The lungs encroach thus on the heart 
when their anterior margins are less divergent than is generally 
the case, or when they are uudoly inflated, as in emphysema. 
The heart may also be pushed backwards and separated from the 
ehest-wall by tho accumulation of gas in the pericardium, — a very 
lATO eviiit, when the whole pnecordial region renders a clear 
t} mpanitic note instead of the normal dull sound ; or there may 
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^e air in the plenral sac, when the percusaion-somid over the 
heart becomes tympmiitic or metiillic in qniility ; or there may 
be fluid in the pleura, when the cardiac dulness is indiatiufjuish- 
able from that nf the left side generally, — provided the heart be 
not displaced. 

[ The cardiar dulness is increased in extent and intensity in 
hypertTophif and dilatation of thf heart, this augmentation being 
most manifest in its' kntjth in eulftrfferacnt of the Ifjt ventricle, 
and in its brcmith in eularjifenient of the rhihl ventricle ; the dull 
iirea further takes a somewhat conU-al form when the jjeri<'«r<ii(an. 
is filled with fluid. 

In hypertrophy and dilatation of the left venti'icle the point at 
which the cardiac impulse is felt, below and to the outside of its 
normal situation, oIIVts a ready meana of determining approxi- 
mately the extension of the area of dulnesa in an outward direc- 
tion. In such cases also the fixing of the upper limit of the 
cardiac dulness is exceedingly easy, as the lung, provided it 
have not contracted adhesions, is pushed aside bj the enlarged 
art, which then comes closer to, or even teaches, the thoracic 
ietes, 

Similarly, in cases of marked hypertrophy and dilatation of the 
ht ventricle the undue propagation of the heart's impulse 
wards the right at once indicates the nature, and roughly the 
tent, of the physical change, though usually the nou-resou- 
ce to percussion, even when the dilatation of the right heart is 
considerable, is not very apparent beyond the midsterual line. 



^ 



It often happens that thoeo who have not had much experience in 
e art of percnssion do not consider an dull, or as in any way con- 
nected with the heart, the somewhat clearer sound obtained over the 
sternum in examining from left to right ; but on comparing it with the 
normal pulmonary noto, or on percuasing still further towards the right 
till the true lung-soTiDd is educed, the area of dulness associated with 
enlarged hnart is goon seen to bo larger than at first suspected. 

Slight diliitatious of the right heart can bo maile out only by means 
of the sense of resistance experienced by the finger in percussing. In 
cases of marked ddatalion of the right ventricle not only does the 
cardiac dulness far overpass its normal boundaries to the right, but it 
goes also somewhat beyond them to the left, as is shown by tbo slight 
outward displacement of tbo apex-beat. This is duo to the more 
horizontal position which the heart asBumes in such circumstances, the 
necessary- result of which is that the apex of the heart is carried further 
to the left. 
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Hypertrophy and dilatation of the heart, however, are not in 
every instauce characterised b}' extension of the precordial dul- 
ness ; this sign is absolutely wanting when the overlapping 
processes of lung are of unusual depth or cover over a larger por- 
tion of the surface of the heart. Thus, in vesicular emphysema 
of the lun^s the attendant enlargement of the right heart is fre- 
quently unrccognisablo by objective examination. 

Even with a heart perfectly normal in size, an apparent 
increase of the area it renders dull to percussion is apt to be 
prodaced by various diseases of the adjacent pulmonary texture, 
such as consolidation (from infiltration, compression, &c.) 

It is safScient merely to mention cases of this kind ; to enumerate 
tho signs by which they may be diflerentiatod (certain alterations in the 
outline of the region of percusfiiun-duluess, &c.,) is perfectly anneces- 
sarj, in view of the impossibility of falUng into error in the diagnosis. 
Simplo iuHpection of tho pnccordiid region frequently suflices, as 
already pointed out, for tlie positive recognition of hypertrophy of the 
heart, and the abBcnco of tho phenomena formerl}' described (p. 212 
it nil}.) Bho'vra nnmistakenbly that the increase of the dull area most 
be due to some other cause. 

The area of cardiac dulnees is observed to take a peculiar form 
in cases of pericardial exudation and transudation. If tho quan- 
tity of fluid be very large, the pericardial sac is fully distended ; 
it is enlarged chiefly in its lower part, while superiorly it grad- 
ually diminishes in breadth. Tho space thus rendered dull is 
irregnlarly triangubir in shape, the bn^c of the figure being 
dowmvards, the apex pointing itpicards. Its size depends on 
the amount of tho exudation ; if the effusion be very abundant 
the base of the triangle may extend from the right parasternal 
line almost to the left axillary line, while tho two remaining 
sides may be represented by converging lines drawn from the 
two extremities of tlie base, meeting in the second intercostal 
space, oud fonning there a somewhat obtuse angle. A less con- 
siderable amount of exudation is characterised by a proportionately 
smaller triangle of dulness ; in the earlier stages of the affection; 
also, the non-resonant region has no distinctive outline, dulness 
being detected both at the base of the heart, where the exudation 
usually hrst appears, and in the lower part of tho pericardium. 
The distension of the lower portion of the pericardial sac is 
recognised by tho fact that the dulness extends further to the 
left than the apex-beat of the heart, a sign which is always a 
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conclusive indication of the existence of pericardial exudation. 
A very copious cflfuaiou completely euppresscs the npcx-bcat ; 
disappearance of the latter, therefore, and a praecordial dulness of 
the characteristic triangular form, may be accepted as positive 
proof of the presence of a large pericardial exudation. — And 
further, as the layer of fluid is so much deeper below (next 

»the diaphragm) than above (towards the roots of the great vesaels) 
the non>resonance is more marked at the lower thou in the upper 
part of the prrccordial region ; the sound indeed ia rendered 
absolutely dull infuriorly. Oa causing the patient to lie on 
his back the fluid at once subsides to the hinder port of tho 
pericardium, diffusing itself equally over its posterior surface, the 
apcx-bcat again becomes appreciable, and the percussion-sound 
Bomewhatclearerin front, the edges of the lungs beLng now allowed 
to expand freely and to fill up the space left vacant by the shift- 
ing of the eflfusion. A similar change in the quality of the sound 
is noticed on turning to the right or left side : in the former case 
the sound clears to the left, in the latter it clears to the right. — 
Theso statements regarding pericardial exudation apply with atill 
greater force to the more mobile fluid poured out in cases of 
pericardial trajisudalion (hydropericardimn). 

This variatioD of the sounds on cbaoging tlio position of tho patient 
18 wanting only when the two opposed surfaces of the pericariluim are 
glued together at several points hy inflammatory products, or when the 
sac is so fully distended that movement of its contents becomes im- 
possible. Such cases, however, — in which the pericardium is rendered 
60 tense by the quantity of fluid it contains as to he incapable of 
further expansion, — do not seem over to occur in practice ; in one 
example of enormous hydropericardium which I saw (in which tho dul- 
ness reached from the left axillary line almost to tho right mammillary 
hue, and upwards as far aa the thu-d rib) the porcuBsion-eotmd was 
found to voi-y as usual with tho position of the patient. 
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AUSCULTATION OF THE HEART. 

The opposite qualities, normal and pathological, of the sounds 
developed ly the action of the heart, are known as sounds and 
murmurs. 



The Sounds of the Heaht. 

In normal conditions each contraction of the heart gives rise 
to two sounds, audible over the uhole pnecordia, and separated 
from each other by a short panse. The first of these, the systolic 
Hound, is exactly sjiichrououa with the systole of the ventricles, 
while tlie second, the diastolic sound, corresponds with the 
beginning of the diastole of the heart ; then follows a pause, the 
cardiac pause, which lasts till, with the next contraction of the 
heart, the name phenomena are repeated in the same order. 

The sounds are not of equal intensity at all points in the 
priocordiul region : the first souiul, that associated with the 
coi-diac systole, is more clearly accentuated at the apex of the 
heart and over the lower portion of the sternum, than that occurring 
during the diastole, the rhythm of the sounds at these parts being 
trochaic ; the second is, on the contrary, the more accentuated of 
the two on the second intercostal space close to the sternum, at 
both its right and left margins, and the rhythm of the sounds is 
tere iambic. The systolic sounds at the four points just indicated 
jare exactly coincident with each other, as are also the diastolio 
sounds which succeed them ; there are four systolic sounds, 
therefore, and four diastolic, — eight in all. 

These four points on the surface mark, as will afterwards be 
shown, four centres in or near which the different sounds of the 
heart originate ; ot the apex, accordingly, will be heard the 
sounds jtroduct'd ut the mitral v<di;e, at the lower end of the 
sternum those connected with the tricuspid valve, in the second 
left iutryi'ostai sjxtce, ehse to the sternum, those jfroeeeding from 
the pulmonary artert/, aud in the second right iittercostal space, at 
the ed^e of the sternujn, those generated in the aorta. 
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If the heart be displaced downwards, from sinktng of the diaphragm, 
to the extent of one intercoBtal space for in&taoce, the parts &t which 
its Tarioas sounds will be audible will naturally be found at a level 
corresponding to the abnormal situation of tho organ, — one interspace 
lower ; if it be dislocated in anj other direction, to the right or left, 
the apex-beat constitutes a general guide to the points at which the 
sounds will be heard ; where there is no cardiac impulse the points 
must be sought for at which the sounds ore loudest. 

The regions described do not correspond absolutely to the 
anatomical position of the valves of the heart and the large 
Teasels, bat it is to thom that, as is proved by many pliysiological 
and pathological observations, the acoustic phenomena are moat 
freely conducted, and there that they are loudest. This is due 
chiefly to the anatomical relations of the heart and lungs. 

1. Sounds emanating from the mitral valve are not looked for 
directly over the valve (in tho second left intercostal space, close 
to the sternal insertion of tho third left costal cartilage), as here 
the latter lies behind air -containing lung-tissue, a bad conductor 
of sound ; they arc auscultated rather at the apex of tlie heart, 
which is free of lung and in immediate contact with the chest- 
wall, and towards which expericneo shows that sonorous A-ibrations 
coming from the mitral valve are transmitted with greateet 
intensity. 

2. In the same way the sounds of the tricuspid valve are not 
to be sought for cxtictly over their point of origin (behind the 
sternum, at the level of a line drawn obliquely from the sternal 
insertion of the third !oft rib to the fiftli right costo-stf^rnal 
articulation), but somewhat lower down, on the lower portion of 
the sternum. 

8. The ptthnoiwry sonnih are mostclearly conducted to the ear 
placed precisely over the anatomical site of tho pulmonary artery, 
— in the second left intercostal space, at the sternal insertion of tho 
third left costal cartilage. 

4. Sounds developed in the aorta are loudest, not just over the 
orifice of the vessel (in the second left intercostal space), but in 
the second rujht intercostal space, iu the direction of the ascend- 
ing aorta. As the aorta at its origin completely covers in the root 
of the pulmonary artery the sounds produced in these vessels are 
necessarily intermingled, and would be indistinguishable from 
each other were it not for the fact that those generated at tho 
aortic valves arc propagated most energetically in the direction 
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taken by the durent of blood in the ascending aorta, along the 
comrse of the vessel towards the second right intt^rspace ; at the 
latter point, therefore, aortic sounds should he auscultated. 

It is thus possible to define with sufficient precision the foar 
regions in which the Bounds of the heart take their rise^ by 
ohserviug carofally the direction in which these sounds are most 
perfectly conducted. That thia transmission always takes place 
towards the parts indicated above is proved, provided that the 
relations of the heart to the lungs be not altered — by the 
abnormal heart-sounds, the cardiac murmurs, to be discussed 
further on. 



It was Lipnnec wLo laid the foundation of our present knowledge 
the aconstic phenomena developed by the action of the heart ; 
named the sounds tiormal caniioc murmunt^ in contradistinction to the 
abnormnl (•nniiac imtrviurn. The term heart -souiuint as distinguished 
from hfarl-mnnnurs, was introduced by Skoda. 

Differences in pitch in the heart-sounds are very common. Thos, 
the second Goand at the base is frequently higher than the first, and 
when the heart is acting with great energy its pitch may often be acco- 
rately detennined. At the apex the first sound is most nsnally deeper 
and duller than at the lower part of the stemam, where it is some* 
times exceedingly load and clear ; this is obviously to be explained by 
the facihty with which sound is conducted through the solid tissue ot 
the sternum. The soands also present great variety in timbre, being 
sometimes clear and ringing, at other times dull and without proper 
mttslcat character ; even in the same person this timbre may change 
rapidly with the varying force of the heart's contractions. 

The ihiftfun of the sounds at the apex and over the lower portion of 
the sternum (that is of the sounds of the left and right ventricles) is 
not invariably trochaic, nor is it always iambic at the roots of the great 
vessels ; oilen it is the reverse of this, trochaic over the vessels and 
iambic at the apex, or in both situations iambic, or in both trochaic. 
These dilferenoos depend on the occasional predominance of the Jint 
scitnd, when the rhythm is at all pointa trochaic, or <>/ the second xound, 
when the rhythm becomes iambic. These modifications have no 
particular siguificance. 

If the action of the heart become irregolar from any cause the rhythm 
of its sounds is also lost : in the severer forms of irregularity, indeed, 
it is a matter of aoine dittoolty to i^ifttingnigh between the systoUc and 
diastolic sounds. 

PuTSicAL Cause of the Reabt's Sounds. 



« 




The fa^t Bound arises from the tension c/ the nmietdo-ven- 
trieiUar vaIvm, doe to Um shock of the mass of blood thrown 
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against them during the cardiac systole ; the second sound is 
caused by the tension of the semilunar voIvi'h of the aorta and 
pulmonary arteri/ at tho instant that the blood projected into the 
vessels is driven backward by the elastic recoil of the arterial 
Trails. 

During the period of rest tbeauriculo-ventricalar valves hang loosely 
dovm into the -ventricalar cavities, but aro flouted upwards when the 
latter are filled with blood and bcllj out in the dircctina of tho auricles, 
shutting off the lower from the upper chambers of the heart ; the Bhort 
auricular systolcj which precedes by an instant that of the ventriclea, 
renders them somewhat tense, but to such a slight degree as to give 
rise to no aiidible sound. Sound is prodaced only by the more marked 
tension which results from the systole of tho ventricles, and which is 
caused partly by the pressure of the blood against the valves, and 
partly by the contraction of the pupillary muscles connected with the 
valves by the chorda? tcndincfc. 

The theory above stated, first propounded by Rouanet (1832), 
is supported by many physical analogies and pathological obser- 
vations. Every elastic membrane (like a cord of cat-gut, for 
instance) emits n sound on being suddenly brought from a state 
of relaxation into one of extreme tension ; the sudden tension of 
such membranes, therefore, as the cardiac valves, may naturally 
be supposed to be attended by similar phenomena. Experi- 
mentally, also, a feeble, dull tone may actually be obtained from 
a tense mitral valve by directing against it a forcible stream of 
water either from the apex of the heart (0. Bayer) or through 
the aorta, the semilunar valves of the latter being previously 
removed (Landois). 

The mitral and tricuspid valves must also give out soand, each 
independently of the other, but both at the same momentj both 
ventricles contracting simultaneously. 

Further proof of the accuracy of Rouanet's theory is furnished 
by certain pathological conditions. Thus, if tbo mitral valve Iobg 
its smoothness of surface and delicacy of structure from patho- 
logical deposits of any kind, from retraction or inflammatoiy 
adhesion of the tips of the valvular segments, &c., in such u 
way that it becomes totally or partially incapable of being put 
thoroughly on the stretch, the systohc sound at the apex of tho 
heart undergoes change, or disappears completely and is replaced 
by a murmur. Oyer the lower third of the sternum, however, 
the first soond remains perfectly pure and clear so long as 
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the tricuBpid valve retains its smoothness, — ^vk'hich it nsnally 

does. 

On the other hand, in those rare cases in whicli the tricuspid 
valve has been deprived of its elasticit}', the systolic sound over 
the lower portion of the sternnm is superseded by a murmur, 
while at the apex it is atill distinctly heard provided that the 
mitral valve bo intact. — 

But tension of the aurieulo- ventricular valves, though the 
principal, is not the only cause of the first sound of the heart ; 
this depends to a certain extent also on the muscular contraction 
of the ventricles. Every largo muscle, when contracting >ngor- 
ously, especially under electric stimulation, generates sound 
(WoUastou), usually of a quality so distinctly musical that its 
pitch may be determined with precision (Helmholtz). This 
takes place not only in all striped muscles, but also in the heart. 
The most weighty evidence in favour of this view, however, is 
presented in the experimental fact that the heart, removed from 
the body and emptied of blood, emits a distinct sound at each 
contmction (Ludwig and Dogiel), although under these condi- 
tions the tension of the auriculo-veatricular valves is reduced to 
a minimum. 

And further, in the domain of the pathology of the heart many 
phenomena are observed which tend to support the doctrine that 
muscular contraction plays a part in the production of the first 
sound. Thus the systolic sound is found not to be invariably 
abolished by the presence of even very marked and advanced 
changes in the mitral valve ; and, on the other hand, it may 
become indistinct and feeble, even though the mitral valve pre- 
serve its normal smoothness and general structure, if the muscuhir 
sithsUtmt: of the heart be affected, as in myocarditis, fatty degene- 
ration, and other diseases which diminish the contractile power 
of the organ. — There are also otber circumstances which lend 
countenance to the theory that the action of the cardiac muscle 
is concerned in the generation of the first sound, — the facts that 
in certain conditions the duration of this sound is longer than 
can be satisfactorily accounted for by the transient tension of the 
auriculo-vcntricular valves, and that a simple state of tension of 
the mitral valve, produced artificially (by water-pressure) in the 
heart extracted from the body, gives rise to a sound having no 
resemblance to that heard in the living subject. Nevertheless, 
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the part taken by mnscnlar contraction in the development of the 
systolic sound of the heart is but a very subordinate one : it 
must not be infen*ed, — solely on the cxperiinentul j^ound that 
the heart even when empty {^ivcs a sound iu some reapecta similar 
to the normal first sound in the living subject, — that muscular 
contraction is the essential factor in the causation of the Bounds 
and the tension of the valves but a sccondaiy- element, as such 
a conclusion is plainly at variance with the fundamental pheno- 
mena presented in cases of cardiac valvular lesion. 

It is now no longer necessary to discuss or refute in detail the 
numerous theories that formerly prevailed rcgnrdiug the canse of the 
first sound of the heart ; the only question that c:ills for particular 
notice is concerning the greater or less shnro taken by muscular con- 
traction in the production of this sound. Till comparatively lately the 
sudden tension of the auriculo-ventricular valves was almost universally 
accepted as the solo cause of the systolic sound, the arguments ad- 
Tanojd by certain of the earlier authors (Licnnec, Williams, Hope, 
&c.,) to show tfcat the cardiac sounds are simply muscular, meeting 
■with bat partial acceptance ; recently, however, Ludwi<^ and Dogiel, 
basing their views on experimentai research, have again ascribed to the 
cardiac muscle the principal rule. 

I have repeated Ludwig and Dogiel's cxporimoDts, and in doing 
go pursued the following method : the circulation was controlled hy 
opening the thorax (artificial respiration beiag carried on) and en- 
closing the great vessels entering and leaving the heart in a ligature, 
in such a way that the current of blood could he arrested or restored 
at pleasure. Like Ludwig and Dogii-1 I found that the empty heart, 
at each contraction, certainly omits a sound which, as might have been 
expected from the feebleness of the heart's action in such circum- 
stances, is of far less intensity than the normal heart-sound ; I have to 
state positively, however, that thin snutvi tlijfera exaemiaUif in character 
from that i>f the lumnal heart, it is duller, in ioneltss {tcithnul timbre), 
and wants also the flapping quality which distinguishes the ordinary 
first sound.— Another source of error iu these investigations remains 
to be priirited out, namely, that in the empty heart also the musculie 
papillares continue to contract, and that ihoroforo a certain, though 
probubly slight amount of teuKion of the auriculo-ventricular valves is 
brought about. There is thus the possibihty to be borne in mind, that 
this valvular tension may bo sufficient to give rise to a sound which, 
though feeble, goes to diminish still further the relative importance of 
muscular contraction in the causation of the first sound. — Tbe only 
really satisfactory' proof that the contraction of the cardiac muscle has 
any claim to be regarded as an inHneotial factor iu the origination of 
the first sound would be the production of evidence to the effect that 
the sound is heard even after total iltntructinn of the auriculo-ven- 
tricular valves ; it seems impossible, however, to perform such an 
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operation on the living animal without at the same time setting up 
such grave disturbance as would inevitably ritiate the result of the 
ohservntion. 

O. Bayer adopts the theory that the sound is muscular, adducing 
certain clinical and pathological facta in support of that view. Thus, 
he states that very frequently in severe acute and chronic diseases be 
has noted various changes in the first sound, especially enfcebleQient 
and diminution in its distinctness, while, as was demonstrated by post 
}i)0}-tem examination, not the sliglitest trace of vahiilar affection existed ; 
there was invariably present, on the other hand, a more or less con- 
sidorablo degree of altemtion of the mascular structure of the heart, 
(particularly fatty degeneration of the primitive bundles and albuminous 
infiltration) occasionally plainly visible to the naked eye, at other times 
to be detected only with the aid of tlie microscope. 

In all these cases a much less forced conclasion appears to me 
to be indicated, namely, that the modifications of the cardiac BoandH 
referred to are due rather to non'tmiformit;/ in the vibrations of the 
valves (see p. 287). There are also on record various instances 
in which, notwithstanding the ftvct that the cardiac muscular tissue 
was the seat of extensive degeneration, and thus quite incapable of 
originating any sound, the sounds of the heart were normal during 
life, and could be caused only by tension of the unaffected auricob- 
Tcntricular valves (Bamberger). 

It is further often asserted, in favour of the muscular iheory, that 
mitral lesions grave enough to render the valve absolutely inniffintnt 
do not always cause the first sound of the heart to disappear ; in £uch 
eooditions it is only masked by the systolic murmur, through which it 
con always still be heard on careful auscoltation. — I find, as the result 
of my own personal experience in nearly 200 cases of mitral insuffi- 
ciency, that in these circumstxmces the systolic sound very rarely con- 
tinues to bo audible ; and I would also submit that even when it do68 
persist, notwithstanding the existence of a S3rstoUc murmur, we baTe 
in this fact no absolute proof of its muscular origin. In the first 
place, it is never so loud as that heard over the right ventricle, 
(the tricuspid valve being intact) ; and further, the mitral valve may, 
if there still remain certain portions of its tissue not invaded by the 
degenerative process, preserve its power to vibrate at those parts, and 
may in Uiis way be enabled to emit a sound ; or a systolic sound may 
be conducted from the right ventricle to the apex of the heart, a con- 
sideration which would explain the persistence of the sound along witli 
ft ^jrtoUe murmnr even in those cases in whieh the mitral valve La 
d<gM i erated in its whole extent. 

There still remabs to be meatio&ed another phenomenon, observed 
in the domain of cardiac pathologj, which admits of no possible ex- 
planation on the supposition that the first sound is muscular, and which 
is compatible only with the tradrolar theory. — the altenct of the systoUe 
aoond at the apex when the aortic valves are to a high degree incom- 
patani. Were the fini aoond due to mnscnlar contraction it should 
■kUl be heard in aach eaasa, at ahoNiM tfttn be louder than usual, 
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inasmnch as the insnffieiency of the aortic ^'Blves leads to hypertrophy 
of the loft ventricle. Now in hj-pertrophy of tho left ventricle from 
any other cause, as from disease of the kidneys or sclerosis of the aortic 
system, the first sound ia clearly marked, frequonlly intensified ; it is 
nsquestionable that such enlargement of the heart not only does not 
render its sounds weaker, bnt actually renders them strotiger, — though 
some have indeed held, on the contrary, that a hypertrophied ventricle 
is less capaljlo of producing a sound than one of strictly normal 
development. The absence of the first sound in aortic insufficiency, 
however, is, aa Tranbo has shown, readily explained by the valvular 
theory of tho origin of the sounds. Thus, during tho diastole the 
anricnlo-ventricular valve, the mitral for example, is in a state of 
relaxation ; at the end of the diastolo it is put slightly on the stretch 
by the contraction of the left auricle, as has been already stated on 
p. 263. This slight degree of presystolic tension {imtinl tnision) gives 
no sound ; an an<iible sound is produced only by tho firmer tension 
which results from tho systole of tho ventricle {/inal tetuvnn). The 
greater the difi'erence between the initial and tho final tension of the 
anriculo- ventricular valves the louder will be tho sound, just as in any 
other membrane which, previously slack, is .•»uddfmi)/ and viulently 
tightened. If, on the other hand, the difTertmco between initial 
and final tension become less, tho vibrations of the valve become less 
ample and tho sound consequently moro feeble ; and if the diftorence 
be diminished still further, absolutely no sound is heard. Diminu- 
tion of the difference between the initial and final tension of the 
mitral valves of precisely the nainre described, is observed in cases of 
aortic insufficiency: the initml tension increnses, as at the end of 
tho diastole of the left ventricle the blood rushing back from the 
aorta presses on tho valvular segments, while the final tension ia 
lessened, as in this aficction tho aorta, into w^hich the left ventricle 
projects its contcntK, soon loses much of its normal elasticity and 
tension. 

Some have endeavoured to explntn the absence of the first sound in 
aortic insufficiency as owing to fatty degeneration of the muscular suh- 
etance of tho heart ; but this view is negatived by the fact that it is 
ot only in tho later stages of the valvular affection, when tho con- 
actile power of the heart begins to fail, bnt also in its earlier stages, 
hen the hypertrophy of tho ventricle is /nllfj compensatory for the 
valvular defect and the action of the heart regular and powerful, that 
the systolic sound is wanting. Moreover, in cases of genuine fatty 
heart, in which the degeneration of the primitive muscular bundles is 
nnquestionably much more pronounced than when tho structural 
alteration is consequent on aortic lesion, the first sound is generally 
clear, thongh possibly feeble. — Other less weighty objections to tho 
valvular theory may be passed over without further discussion. — 
Although the whole question in dlspnte cannot yet be said to be 
definitely settled, the conclusion to which the present state of our 
knowledge seems to point is that the first sound is essentially of valvuiar 
origin and onhj to u siiyht extent miaatlar. 
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Cause op the Second Sound op the Heart. 



That the second sound of the heart is produced, not within 
the chambers of the organ, but at the semihmar valves of the 
aorta and pulmonary artery by the recoil of the column of blood 
against these structures, and that it is only conducted towards 
the cavities of the heart, is placed be^yond all doubt by numerous 
observations, experimental as well as pathological. 

The second fsouud disappears totally on cutting off the flow of 
blood to the heart in Uving animals. This may be effected, 
{artificial respiration being kept up) by passing a ligature round 
the venffi cavie close to the point at which they enter the right 
auricle ; on lifting and thus tightening the cord circulation is 
stopped, on slackening the cord it goes on as before. Raising 
the ligature abolishes the sound completely, lowering the ligature 
restores it at once ; but the first sound is found to persist, not- 
withstanding the arrest of the circulation, as the heart continues 
to contract as usual and the anriculo-ventricular valves are regu- 
larly thrown into a state of tension. Over the heart, also, 
removed from the body and still pulsating, only the first sound 
is heard, not the second ; after the heart baa ceased to contract, 
however, a second sound may be produced at the aortic valves by 
closing tbcm abniptly by injecting a stream of water into the 
vessel with sufficient force. The greater the pressure exercised 
by this body of water the louder the sound obtained. 

The ordinary physiological and pathological phenomena which 
pass under our notice every day are strongly confirmatory of the 
above conclusions. Thus, it is obaer\-ed that the second sound 
is much feebler over the ventricles than opposite the arterial 
orifices, and it is only at the latter situation that it possesses its 
distinctive flapping character. While auscultating, if the stetho- 
scope be slowly moved along the surface from the region of the 
apex towards that corresponding with the orifices of the great 
vessels the gradual intensification of the second sound may often 
be clearly traced. 

But by far the strongest evidence that the second sound of the 
heai't is generated at the semilnnar valves is furnished bj the 
following pathological observations. When, from hypertrophy of 
the Irfl ventiicle, the blood is thrown into the aorta with unusual 
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force the second sound becomes abnormally loud, in consequence 
of the more energetic recoil of the mass of blood against the 
aortic valves. When, on the other hand, the quantity of blood 
which enters the aortic system on each contraction of the heart 
is small, as in mitral insufficiency, and more especially in mitral 
contraction, the diastolic recoil of the blood against the aortic 
valves is less forcible and the second sound becomes much fainter, 
or occasionally even quite inaudible, over the left ventricle- This 
occurs also when the contractile power of the heart is from any 
cause lowered, as in cases of fatty degeneration, the general 
failure of strength which precedes death, and in the asphyxia! 
stage of cholera. (In the laHt-menlioncd affection there ia some- 
times not the slightest indication of a second sound at tlic apex, 
while it is still perceptible, though faintly, at the great arterial 
orifices.) Further, when the aortic valves are su altered in 
structure as to be no longer competent to perform their office 
efficiently, when therefore there is no second sound but a distinct 
murmur at the root of the aorta, the diastolic sound over the 
left ventricle is also wanting, nothing whatever being heard after 
the systohc sound, or only the feeble diastolic murmur conducted 
from the aortic valves. And finally, in cases of reduplication of 
the second aortic sound, the -second sound over the left ventricle 
is also double, but weaker than over the aorta. 

It can be shown equally clearly that the second sound heard 
over the right ventricle is transmitted from tho semilunar valves 
at the origin of the pulmonary artery. If, as the result of hyper- 
trophy of the right ventricle, the blood be driven into this vessel 
with greater force than usual it is thrown back with proportion- 
ately greater force against the semilunar valves during the 
diastolic period, and the second pulmonary sound is conse- 
quently intensified ; over the right ventricle also the same sound 
is then considerably louder. If, on the other haml, the pul- 
monary valves become insufficient from degeneration,— a some- 
what rare occurrence, — no second sound, but a diastolic mui-mur, 
in produced, and over the right ventricle also there is no second 
sound, but the feeble diastolic murmur conducted from the 
pulmonary valves. And finally, when the second pulmonary 
soond is double at its point of origin it has the same character 
over the right ventricle. 
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Cause of the First Arterial Sound. 

The fir&t arterial sound, which is heard in the second righl 
and second left intercostal spaces, close to the Btornul articula- 
tions of the third pair of ribs, and which is synchronous with 
the first ventricular Hound, is to some extent to be regarded 
simply as the ventricular sound propagated towards the peripherj'; 
it t^aJica tfjf origin ckiejiy, however, at the orifices of the aorta and 
pulmonary artenf, and is due. to the tension and sudden expan- 
sion Iff the arterial wails xvkieh take, phice when the blood is dis' 
charged hito the vessels h\f the contraction of the heart. Many 
pathological observations go to prove this. Thus, if the coats 
of the first part of the aorta undergo such changes (as from 
atheromatous degeneration) as deprive them of their property of 
uniform expansibility and of their power of entering into \4bra- 
tion, the arterial sound under consideration is not developed; 
instead of it is beard, at the aortic orifice, a systolic murmur, 
while the first ventricular sound remains unaffected. Similarly, 
the first sound at the pulmonary orifice disappears, and is 
replaced by a murmur, wheu the width of the opening is 
diminished or the inner surface of the vessel roughened by | 
disease. — The first sound at the arterial orifices also continues 
audible when over the ventricles, generally over the left, the first 
sound is abolished or is represented by a systolic murmur. 

But it is not merely in the central portions of the vessels 
springing from the heart that this systolic sound, arising from 
distension of their walla by the advancing blood-wave, is 
observed ; it occurs also in their larger subdivisions, in the 
carotid and subclavian, and even, under certain pathological 
conditions, in still smaller arteries, at a greater distance from 
the heart. These sounds will be treated of when discussing the 
auscultation of the arteries. 

It will thus be seen that of the eight sounds heard at the above- 
described four points in the priECordial region to six onhj is a 
proper point of oriyination assignable : at each of the auriculo- 
ventricnlar valves one (systolic) sound is produced ; in Uie aorta 
and ptdmonary artery arise two sounds, one systolic and one 
diastolic; the second ventricular sound is merely the transmitted 
second arterial sound. 
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These views regarding tLe parts at which the heart- sounds 
are developed, first announced by Rouanet and accepted (with 
some modification only with respect to the first arterial sound) 
by Skoda, have been almost uuiversallj adopted. 

The diagnostic intcrprrtatioti of the presence of the normal 
cardiac sounds is siinply thiJi, — that <dl the valves are faithfnUy 
executing their normal functions, and that therefore there is no 
obstacle to circulation within the heart itself. But the satisfactory 
performance of their functions does not necessarily imply the 
absolute anatomical integrity of the valves themselves ; slight 
changes may nevertheless exist, and these are not unfrequently 
found on examining the bodies of individuals in whom the cardiac 
sounds during life were perfectly clear. 

Physiological and Pathological "VARLiTioNS in the Chaeactbb 
OF THE Heart-Sounds, 

The sounds of the heart nataniUy present bo much diversity of 
character, and pass from the domain of health to that of disease 
by stages so iusensihie, that it is frequently only by calling to our 
aid' such other signs as are furnished by an exliauative examina- 
tion of the organs of circulation, that it can be determined 
whether or not these changes in the sounds are really due to 
anatomical lesion of the heart itself. These alterations afibct 
the intensity, the purity, and the timbre of the sounds ; 
reduplication or division of the sounds comes under the same 
category. 

The Iktessity or the Heart- Sounds 

is very different in different individuals, even in the total absence 
of any excitement of the heart's action. The sounds are some- 
what louder in the erect than in the recumbent posture, and ai-e 
still more accentuated when decubitus is on the left side ; they 
also acquire greater intensity during expiration and in the respi- 
ratory pause, as in inspiration the margins of the lungs creep 
forward and cover the heart and so prevent the free conduction 
of its sounds to the surface. The strength of the cardiac sounds 
is also considerably modified by the tliickness of the thoracic 
parietes ; other things being equal the sounds are therefore 
louder in children and in those who are emaciated than in persons 
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liaviug large muscles and an abundant covering of fat over the 
chest. They are further intensified by everj-thing which increasea 
the force of the heart's contractions,— mental excitement, physical 
exercise, the febrile state ; in these circumstajices all the sounds, 
Loth those connected with the ventricles and those emanating 
from the vessels, are alike influenced. 

Intcnsijiattion of only one of the diastolic artcinal sonndg, 
however, caused by hypertrophy of the heart, is very frequently 
observed, either iu the region of the aorta or of the pulmonar}' 
arter}'. To determine whether there is uctaally any exaggeration 
of either sound it ia only necessary carefully to compare the one 
with the other. Normally the second aortic sound is a very little 
louder than that of the pulmonary artery. Under pathological 
conditions the second sound at the two great arterial orifices 
varies in strength within very wide limits ; the reinforcement 
of the sound may even be so considerable that the diastolic recoil 
of the blood against the semilunar valves, which gives rise to the 
Bound itself, may be perceptible to the hand or to the eye as a 
distinct pulsation in the superficial parts corresponding to the 
situation of these vessels (see p. 238). 

Hypertrophy of the left ventridi', from whatever cause arising, 
(excepting only that form which results fi'om aortic insufficiency, 
as in sucii circumstances no sound is produced, but a diastolic 
murmur), intcnsijies the second aortic sound. 

An intenel/icdtion of the second pidmoium/ sound ia the neeefl- 
sary consequence of hypertrophy of the riyht ventricle, to what- 
ever cause the latter may be due, with the exception of those 
exceedingly rare cases in which the enlargement is connected 
with insuffiL'ieney of the pulmonary valves, when the diastolic 
sound is suppressed and replaced by a diastolic murmur. The 
most notable increase in the loudness of this sound takes place 
in hypertrophy of the right side of the heart from mitral insuffi- 
ciency or stenosis of the mitral orifice, or from a combination of 
both lesions ; it is as a rule more marked in the young than later 
iu life. 

The degree to which tlie second pulmonary or aortic sound is 
exaggerated in intensity is generally directly proportionate to the 
enlargement of the corresponding ventricle. — When, from fatty 
degeneration of the muscular substance of the heart, the con- 
tractile power of the hypertrophied ventricle begins to fail and to 
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be inadequate to fully compensate for valvular defects, the 
strength of the second arterial sound also diminishes. 

It was Skoda who first drew attention to exaggeration of the second 
palmonar}' arterial sound as a positive and unerring indication of mitral 
Talvular lesion (in the stage of compensation). The same phenomenon 
is observed, though less strikingly developed, independently of defect of 
the mitral valve, in every variety of congestion of the pulmonary circula- 
tion, as this conunooly leads to hypertrophy of the right heart (c.y. , bron- 
ehJAl catarrh of long duration accompanied by vesicular emphysema}. 
It is in mitral aflections, however, that it is found in its moat marked 
form, as in such cases the consecutive hypertrophy of the right heart 
reaches its maximum. 

The increased loudnesa of the second arterial sound is the more dis- 
tinctly audible the fewer and the less important the obstacles to the 
transmission of the sounda to the walls of the chest; it is thue, other 
things being equal, most declared when the anterior border of the lung 
recedes and exposes <;ntirely the base of the heart, as so often happens 
when the heart is very considerably hypertrophied in young persons, 
the base of the organ being thou in imiuediate contact with the front of 
the chest. If, on the contrary, the heart be completely closed in by 
pulmonary tissue, whether from adhesion of the anterior margin of tho 
lung in snch a manner that it cannot retreat or from emphysematous 
distension, the secoud pulmonary arterial sound may bo of merely its 
normal strength uotwithatanding the presence of very decided hyper- 
trophy of the right side of tho heart. — It is further a common experi- 
ence to find this eound of greater intensity when the upper lobe of the 
lefl long is consolidated and excavated, and that without any enlarge- 
ment of the right heart ; the first pulmonary sound then also appears 
to be somewhat loader than the first aortic sound. In such cases, how- 
ever, the pulmonary sounds are not in reality louder than those originate 
ing at the aortic valves, they ore merely carried to the Burface with greater 
precision through the solid lung parenchyma. ^loreovcr, in those in- 
stances in which the consolidated portion of lung shrinks in volume a 
large part of the !»« v itflhe heitrt lies immediately behind the thoracic walL 

Exaggeration of the aecoud arterial sound is of much less frequent 
occnrrence in the aorta than in the pulmonary artery, as simple and 
uncomplicated hypertrophy is less common on the left side than on the 
right, and as, further, it ia precisely in the aiTection which moat often 
causes enlargement of the right ventricle, — aortic inauSicioncy, — that 
the diastolic sound is masked by a diastolic murmur. Almost tlie only 
disease of the heart, therefore, which reauUs directly in hypertrophy of 
the left ventricle and intensilication of the second aortic sound is simple 
contractiiin of the aortic orifice unattended by lesion of tho aortic valves, 
— a condition wliich ia on the whole seldom met with. The most ex- 
quisite examples of exaggeration of the second aortic sound are observed 
in hypertrophy of the Itft heart from atrophy of tho kidneys or arterial 
sclerosis, as in these cases the valves and the orifice of the aorta remain 
perfectly normal. 
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Enfeeblement of the Sounds of the Heabt. 

This is frequently noticed, within physiological limits, in ptr- 
fectly healthy persons and in those whose chests are protected 
by a thick covering of fat. Pathologically it proceeds from one 
of three causcB : from the mere feehleness of the heart's action, 
— in cases of general debility, therefore, in convalescence from 
severe acute diseasea, and in fatty degeneration of the cardiac 
muscnlar substance; from the presence of some obstacle to the 
clear transmission of the heart-soundn to the chest-wall, as when 
the margin of an emphysematous lung comes in front of the 
heart, and when the latter is separated from the thoracic parietes 
by pleuritic or pericardial effusion ; or from masking of the 
sounds by loud ralea in the adjoining parts of the lungs. 

All the cardiac sounds are weakened in the conditions just 
named. But there are also cases of cardiac valvular lesion in 
which the second arterial sound alone is cflected ; the sign, 
however, is of no great diagnostic importance. Thus, the 
partially-filled state of the aortic syBtom which accompanies 
extensive and advanced mitral disease (insufficiency and stenosis) 
leads to enfeeblement of the second aortic sound ; and in the 
rare cases in which the tricuspid valve becomes incompetent the 
diminution in the quantity of blood in circulation iu the pul- 
monary system lessens the intensity of the second pulmonary 
arterial Bound, 



HEART-SoUNOa altered as REaABDS TKEIB PuRITY. 

The sounds of the heart, particularly the systolic ventricular 
sounds, are frequently neither so accentuated nor so markedly 
flapping in character as those heard in health ; they become 
impure, and in extreme instances lose more or lesa completely 
the qualities of a sound proper, so much so that one is sometimes 
in doubt whether to regard them as sounds or murmurs. Sounds 
of this doubtful kind often merge into unmistakeable murmurs 
when the heart is excited to more powerful action. 

The slighter degrees of impurity of the sounds may have their 
origin in comparatively unimportant changes in the auriculo- 
vcutricular and arterial valves ; thus a merely trifling diminution 
in the stractural delicacy of the valves, a slight tliickeainc r^f 
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their Bubstance, perhaps also tlie want of absolute uniformity 
of tension and vibration in the various valvular segments, and 
other aimilar but not yet thoroughly known conditions, may be 
sufiScient to produce Buch a result. 

Impurity of the Sounds^ when not associated with other cardiac 
anomalies, particularly with chanj^es in the cardiac impulse or 
in the volume of the heart, has not usually any special diag- 
nostic value. 



Heabt-Sounds of RmoiKo, Metallic Quality. 

These are observed when air gains access to, and accumulates 
in the pericanlium {pueumoperiatrdium), in left pneamothorax, 
and when there are large air-filled cavities in those parts of the 
lungs which are in immetliato proximity to the heiirt. In all 
these cases a metallic timbre is added to the heart-sounds^ by 
consonance in the air-apacea through which they are conducted 
(compare the metaUic respiratory murmur and rfiles, pp. 139, 156, 
et seq.). 

The heart-aonnda acquire a ringing metallic timbre of the moBi ei- 
qniaite qnahty in pneumopericardium. The air naay enter the peri- 
cardial sac from without through wounds, or from within tlirough 
pathological communicntions established between parts containing air 
and the Bac, as from perforation of the cesophcigas or stomach, or the 
bursting of a pvopaeumothorai or pulmonary cavity into the pericar- 
dium, or, as in oae case I saw in Traube's cliuique, the gas may be 
given oft' by a pericardial exudation. 

In left pneumothorai the Bounda have not invariably the metaUie 
character ; it is wanting particularly when the heart is much displaced 
towards the right olde. The amount and tensiou of the air in the 
pneumothoracic cavity modify this sign in many ways. It is only under 
specially favourable circumatances also that pulmonary cavities situated 
near the heart communicate to the (pounds a metallic timbre. 

Wliilst in the pathological conditions just mentioned ali t/w henrt- 
$ouu(U have the ringing quality, in cases of nthenmujUnta degeneration 
limited to the initiiU portion of the aorta the second aortic sound alone 
is frequently of thia character, so long as the valvular sogmeuts at the 
root of the vessel remain perfectly intact. 



Reduplication or Division of the He aet- Sounds. 

The systolic and diastolic sounds may each be broken up into 
ro distinct parts; if these be separated from each other by a short 
9y may be spoken of as reduplicated cardiac sounds^ or if 
T 2 
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the one paBses into the other without any appreciable interval, &8 
divided sounds. Reduplication and division, however, are terms 
which are generally used synonymously, as both forms commonly 
owe their existence to the same causes, and are apt to pass 
ioBensibly into each other even in one and the same patient. For 
instance, the pause which comes between the two elements of the 
sound disappears when the heart's action is accelerated, and the 
properly double sound becomes a divided sound. The closer the 
two parts approach to each other the less clear and pure is the 
quality of the sound. The rhythm of the heart-sounds when 
the first is rcdupUcated is anapsistic, when the second sound is 
80 affected, dactylic, — In some rare cases the sound falls into 
three very short portions. — Division of the first ventricukr 
sound is relatively most frequent, the next most common pheno- 
menon of this tind being doubling of the second arterial sound. 
Reduplication of the Jlnt ventricular sound occurs in perfectly 
healthy persons, but is then never permanent, — it comes and goes, 
disappearing entirely as the force and rate of the heart's action 
are increased. It is noticed temporarily also in diseases of the 
heart, but cannot be said to be characteristic of any particular 
affection. It is connected sometimes with mitral and sometimes 
with tricuspid disorder, and most probably originates in non- 
synchronous tension of the individual segments of the amiculo- 
ventricular valves. This explanation does not necessarily involve 
the assumption of the non-simultaneous contraction of the ven- 
tricles, though such an occmrcnce is not impossible in certain 
cases, marked by a double cardiac impulse (see p. 208) ; the 
irregularity iu tension of the valvular segments may quite justifi- 
ably be ascribed to the absence of perfect uniformity in the 
contraction of the papillary muscles. When the heart begins to 
act more pou\'}fuUy these muscles contract regularly and ener- 
getically, the ton.sion of the valves with which they are connected 
becomes uniform, reduplication of the sounds vanishes, and the 
two sounds become one. 



Two other explanations, much less probable than the one hero adopted, 
have beeu advanced to account for doubliug of the first eound. 

1. It is explained by some on tbe supposition that tho teasion of the 
ark^rial walls produced by the entrance of the systolic btuod-wavo is 
later in point of time than the tension of the auriculo-ventricular valvfl 
But in the first place, the interval which separates those two phenome 
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is BO exceedingly abort that the farmatioo in this way of two syBtolio 
sounds, often marked off from oacli otlitr by a vcrj' appreciable paase, 
is scarcely possible ; and in the second place, even ia health there is 
always such an interval, though it is not directly measareablc, between 
the systole of the heart and the expansion of the aorta and puln^onary 
artery, whilst tho occurrence of a double first sound Ih fur from common 
and is only periodic in those in whom it does appear. 

2. Reduplication of the first sound has further been said to be due 
to the non-simultaneous contraction of tho two ventricles, a similar 
irregularity being thus estnbhHhed io the tension of the mitral and 
tricuspid valves. But in these circumstances the second arteritd sound 
should also alwayg bo doubled, for if the ventricles do not contract in 
concert arterial expansion, and consequently the diastolic cIobuto of tho 
eemilunar valves, should likewise bo non-siinultancons. Moreover, both 
portions of the divided systolic soand aro exactly alike iii intensity and 
timbre, which would not be the case if they were propagated from dif- 
ferent ventricles. And lastly, this theory fails entirely to explain those 
rare cases in which the first sound ia split up into three parts {troin- 
mehchhhj, dm m- beat). 

In view of tho fact that rodnplication of the eystolic sound of the 
heart is not very rare even whilst tho organ itself is healthy, no very 
decided diagnostic significatioQ can be attached to the sign. I have on 
several occasions observed tliat it could be artihciaily produced by 
pressing firmly over the apex of tho heart in those in whom there was 
Already some impurity of the first sound. Potain has also, in cases of 
byper^ophy of the heart consequent on granular atrophy of the 
kidneys, met with a variety of double first-soimd [bruit de 'jah>p) in which 
besides the two normal sounds a third was heard, coming immediately 
before the first sound and separated from it by a short pause ; thia 
additional sound was therefore preeystolic. It ia quite conceivable that 
this presystolic sound, which I too have noticed in a number of 
instances of hypertrophy of the heart, is caused by tho contraction of 
the hj-pertrophied auricles. The auriculo-ventricular valves are to a 
certain extent rendered tense even at the end of the diastole, that is, 
in the presystole, but thia tension is normally so feeble that no sound 
results ; but if the wails of one of the auricles undergo h}'pertrophy as 
the consequence of some vaUiibir lesion, the corresponding anriculo- 
Tentriculor valve is put more sharply and thoroughly on tlie stretch by 
the contraction of the auricle and in this way tho conditions necessary 
to tho production of a presystoUc sound are realised. Tho systole of 
the heart is then followed by another sound, dependent on the much 
fuller tension of the valve, and considerably louder and clearer in tone 
than the presystolic sound in question. — I have frequently heai-d 
doubling of tho first sound associated with a systolic murmur ; occa- 
sioQaliy also I have observed this sign at once develope iuto a marked 
systolic murmur when tho heart's action was increased in force. 

Bedaplication or division of tho second arterial sound, andible 
over the aorta and. pulmonary artery, occurs sometimcB physio- 
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logically, but more generally as a pathological condition. Its 
cause is non-simnltaneoiLs dosure of the pulmonary and aortic 
valves. The two diastolic arterial sounds therefore do not 
coincide with each other, and one of the two heard over either of 
the arteries is thus invariably conducted from the other vessel. It 
is, nevertbeloas, not unreasonable to euppose that certain ana- 
tomical changes in the semilunar valves might cause the tension 
of these structures to take place in two distinct movements, and 
thus give rise to diviaion of the second sound ; this assumption 
would explain those cases iu which the reduplication is confined 
to the sound proceeding fi'om only one of the arterial orifices, 
while that arising at the other is either simple and undivided or 
very much enfeebled in its second element. 

Eeduplication of the second sound occurs most often, and is 
most fully developed, in stenosis of the mitral orifice. In my 
experience it is heard in almost a third of all such cases. It 
is most clearly defined over the lower portion of the sternum and 
near the apex of the heart, and is less pronounced in the region 
of the arterial orifices ; it is, further, generally appreciable only 
when the hearts action is slow and tranquil, while if the heart be 
excited to quicker and more vigorous contraction the two sounds 
usually merge into a diastolic murmur : in some cases, however, 
they persist, notwithstauding the appearance of this murmur. 
The double diastolic sound associated with mitral contraction 
remains tolerably constant, and always returns even after a 
temporary disappearance. 

Reduplication of the second sound of the heart in mitral stenosia is 
difficult to account for satisfactorily. Geigel ascribed it to Qon-coin- 
cidence of tke closure of the arterial valves, the neccsaary conBequence 
of the unusual difl'erence ia tte quantity of blood coatained by the 
aorta as compared with that in the pulmonary artery in cases of this 
affection ; the aorta receives a relatively small quantity of blood on 
each contraction of the heart, is therefore but sUghtly distended, and 
accordingly contracta sooner than the pulmonary artery and its valves 
are Booner closed than those at the entrance to tliat vessel ; the latter 
also ia constantly overloaded with blood discharged by the hyper- 
trophied right ventricle and is thus unduly distended, and its walls 
are eventually to a coneiderublc extent depiivcd of their elasticity. 

There are Beveral circumstances, howeverj which seem to tell 
decidedly against thia view ; the broken diaatohc sound is (so far 
as I have observed) certainly not loudest over the large vessels, but at 
the lower part of the aternum and near the apex of the heart, and is. 
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further, absent in the more marked cases of mitral contraction, pre- 
cisely the coses ia which the conditions most favourable to the post- 
ponement of the cloBuro of the pulmonary valve are present in the 
highest degree ; division of the diastolic sound, also, is never met 
with in mitral inxujfirinict/., notwithatanditi^ the fact that it is followed 
by the same consecutive changes (h\i)ertruphy and dilatation of the 
right ventricle, engorgement of the pulmonary circulation) as stenosis. 
It appears rather that the reduplication of the second sound originates 
at the narrowed orifice itself, as it ho i>fton vanishes completely on 
increasing the force of the heart's action, and gives place to a load 
diastolic murmor ; thero in therefore nothing forced in the inferenca 
that the two elements of the phenomenon in question, which form a 
sound which is always more or leas mutiled or impure, aro in reality 
the component parts of a murmur. — It has also been conjectured, on 
the other hand, that the first part of the divided sound is simply the 
diastolic pulmonary sound, and that the second is produced, towards 
the end of the diastole, by tho contraction of the hypertrophied left 
auricle, — a theory which would yield a plausible explanation of those 
cases in which the reduplication remains even when the diastolic 
murmnr is developed. 

A doubled second sound is heard also when the pericardium {tecoma 
ad/immt tn the iuart (Friedreich) ; here the posterior wall of the cheat, 
being first dragged inwards lowardH the vertebral column during the 
cardiac systole, springs back sharply to its original position during 
the diastole, the pariotnl vibrations so generated constituting a dull 
muffled sound follovv-ing closely on the second ventricular sound. 

Cardiac Mukmurs. 

The murmurs heard over the heart, in pathological conditiona, 
arise either within the heart or tho initial portion of the gi'eat 
Tessela, or outside the heart, on its outer surface ; the first are 
named fndocardial, the Becond pericardial, murmurs. 

EXDOCABDIAL M DEMURS. 

These are produced, 

1. By those anatomical changes in the valves or arterial coats 
which gi^'e rise to incompetence of a valve, to contraction of a 
valvular orifice, or to dilatation of the roots of the great vessels, 
lesions which all cause uome ohfitructiou of the circulation ; 
occasionally, however, they are produced also by anatomical 
changes which offer no impediment to the passage of the blood, 
such as the presence of deposit on the endocardial lining of the 
ventricles, &c. 

2. By non -uniformity in the tension of valves and arterial 
w&Us, the anatomical structure of the heart being perfectly normal. 
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Murmurs dependent on the existence of actual obstruction of 
the circulation are termed organic murmurs, those occurring 
independently of such obstacle, and in a heart in no way altered 
in structure, inorganic murmurs. 

Organic murmurs arise from osnUation (a ■whirling, eddy-like 
motion) of ihc blood- current, caused by the obstruction which 
embarrasses the circulation. 

The physical cause of this oscillation in cases of stenosis of 
any of the cardiac orifices (arterial or venous) is the abnormal 
force with which the mass of blood is driven through the 
narrowed aperture ; in valvular insufficiency it depends on the 
circumstance that a pai't of the blood on the further side of the 
affected valve regurgitates through the partially-closed opening 
(e.g., from the left ventricle into the loft auricle in mitral insuflS- 
ciency, from the aorta into the left ventricle in aortic insuflB- 
ciency), the backward wave thus coming into collision with the 
onward current ; a similar movement takes place within aneuris- 
mal tumours of the aorta, the column of blood within the sao 
being thrown into commotion by each successive systolic bloods 
wave. All murmurs established in connection with disturb- 
ance of the circulation from organic causes, are thus primarily 
murmurs pcrtaitiing to Jin id ; unquestionably, however, these 
movements are often communicated also to the degenerated 
valves, and the murmurs are in this way greatly intensified. 

Some asatomical alterations also, which do not present any hin- 
drance to the transit of the blood, such as ahunilaut and thick dep 
on the inner soi-face of tho ventricular walla, Bmall tumours, &c 
occasionally give rise to mnrmurs ; in this case, as in the others, the' 
are to bo referred to some commotion in the blood -stream. 



Qin- ^^ 



Impediment to tho circulation takes no share in the cauaatioD 
of inorganic murmurs ; they arc attributable solely to irregular, 
non-uniform vibration of the valves and arterial walls. Uniform 
vihratioii yields sounds, }ion-unifortn vibration, murmurs (see 
p. 287). 

Endocardial murmurs are always exactly synchronous with 
ono or other of tho two phases of the heart's movement, and are 
therefore either systolic or diastolic, or both, according as the 
embarrassment of circulation occurs only in the systole or in the 
diastole, or in both. 
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It 18 generally a matter of no difficulty to determine whether 
mnrraurs are Bystolio or diastolic, this being accompliBhed 
by noting the relation they bear to the cardiac impulse : 
systolic murmurs coiucido with the apex-beat, diaetolic murmurs 
come directly after it. But when the heart's action is very 
irregular (as is frequently the case in mitral valvular lesion when 
compensation begins to fail, and after the use of digitalis) or 
tumultuous, or so feeble that pulsation is no longer perceptible 
to the touch, the rh}i,hm of the murmur can be ascertained by 
placing the linger on the carotid artery, the throb of which is 
synchronous with the impulse of the heart. Palpation of the 
radial artery is not to be trusted to for this purpose, as the pulse 
at the wrist is appreciably later than the heart's contraction. 
Systtdic murmurs are further commonly distinguished from dias- 
toUc murmurs by being more acrcntiitttcd, and usually also louder, 
as the force under the influence of which they originate ia that 
supplied by the muscular contraction of the heart itself; diastolic 
murmurs, on the other hand, aro generally j^rolunffcd and not 
accentuated. 

Endocardial murmurs, both systolic and diastolic, aro very 
variable m character; they are usually blowing or softly aspirated, 
but may also be of a rustling, sawing, scraping, grating, whist- 
ling, or singing quality. Not unfrcquently a murmur presents 
several of these peculiarities simultaneously. 

None of the properties just mentioned possesses any differen- 
tial diagnostic signification ; though the differences in the mur- 
murs are in -part due to the special form of degeneration in which 
the valves or the structures round the cardiac orifices aro involved, 
all the various diseases to which these parts are subject set up 
the same hindrance to the circulation, and it is only the latter, 
the nature of the obstruction, that ia the proper object of 
diagnosis. 

The intensity/ of murmurs is as variable as their quality. 
Sometimes they are so faint and soft that they are recognized 
only after long and attentive examination and by eliminating the 
respiratory sounds (causing the patient to suspend respiration) ; 
at other times they are so loud as to be heard not only in the 
prsecordial region but also over tho whole anterior, and occa- 
sionally also the posterior surface of the chest. In tho latter 
case they may bo audible even to tho patient himself, and the 
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examiner may hear tbem white his ear is still a short distance 
from the chest-wall. Such a pitch of intensity is reached only 
by systolic, never by diastolic murmurs. 

Amongst the conditions which influence the intensity of a 
murmur the most important is the energy of the heart's a^^tion. 
The more violent the whirling movement of the blood-stream at 
the degenerated valves or contracted orifices the louder the 
murmur so produced. A murmur, therefore, which is scarcely 
audible while the heart contracts quietly and re^arly, may be 
transformed into one of a loud and distinctly-marked character 
when the action of the heart is exaggerated (as by walking 
rapidly or raising the arms frequently), and murmura which 
before had no existence may by this means be at once developed. 
This sudden springing into notice under excitement is particu- 
larly characteristic of diastolic murmurs at a contracted mitral 
orifice, these, under ordinary circumstances, often entirely 
escaping the ear (see p. 289). Murmurs may also frequently be 
intonsiticd by pressing firmly with the stethoscope on the surface 
of the cheat in examining. — "WTien the muscular power of the 
lieart diminishes, especially from fatty degeneration of the 
cardiac substance, at the stage in which compensation fails, 
mnrmura become weaker and sometimes almost completely 
disappear. 

In those cases in which the murmnr has its origin in some obstacle 
to the free passage of the blooil tho heart generally contracts with 
greatly increased vigonr, as the right or loft ventricle nudergoes a certain 
amount of bj-pertrophy to enable it to overcome the ditficulty with 
which it has to conlcnil in keeping up the eirculntion. Such murmars 
are accordingly usually loud. Inorganic aystoUc mui-mnrg, on the con- 
trary, not being caused by obstruction to the blood-current but merely 
by irreguliir vibration of tho valves and arterial walls, conditions which 
never lead to hypertrophy of the heart, are almost invariably weaker 
than those determined by organic change. 

The intensity of the murmur is by no means invariably pro- 
portionate to the gravity or extent of the anatomical lesion to 
which it is duo; it not unfrequently happens that on post mortem 
examination very slight changes are found in the valves of those 
who, daring life, had presented a very loud murmur, and vict 
versa. For example, the intensity of the systolic murmur 
resulting from degeneration of the whole extent of tho mitral 
valve is not necessarily greater than that generated when the 





valve is still in ptirt inttu't Only such murmnrs as proceed 
from a constricted orifice show any correspondence in intensity 
with the degree of contraction present. — On the other hand, the 
nature of the degenerative procesa which has taken place in the 
valves and orifices occasionally, but not always, has a marked 
influence on the strength of the murmur ; very hard excrescencea 
excite a louder, rougher murmur than a soft deposit. — Finally, 
all murmurs are louder when the patient stands or sits than 
when he is recumbent ; in the latter position indeed the softer 
murmurs ai-e sometimes entirely suppressed. 

The dttration of a murmur is very diflerent in difTereui cases ; 
in some instances it is short, in others it takes up the whole of 
the systole or diastole, while if both periods of the cycle be 
occupied by murmurs the latter may be so prolonged as to leave 
scarcely any appreciable pause between them. 

In general organic murmurs are of considerably longer dara- 
tion than the normal sounds of the heart, as the latter arise 
simply from the short, trauaient tightening of the valves, while 
the former are produced during the whole of the time that the 
whirling commotion of the blooJ-current lasts. This is true 
especiiilly of the diastolic murmurs ; the ordinary diastolic 
sounds are heard only at the commencement of the diastole, but 
the murmurs often continue to near its end ; in another class of 
cases, however, such murmurs appear ouly towards the close of 
the diastole. 

For this reason the pauses observed between the sounds of the 
heart have been by some subdivided, the interval which elapses 
between systole and diastole being designated pcrint/sfolf, while 
that which comes between the diastole and the following systole 
is divided into two parts, of which the first is termed the peri- 
diastole, the second, which shortly precedes the systole, the pre- 
systole (Gcndrin). This classification, except for the fact that it 
recognises the importance of the presystole, which will be found 
more minutely discussed on p. 290, is of no particular practical 
value, as it is not on the longer or shorter daratum of a murmur 
that the diagnosis of any valvular or other anatomical lesion 
rests, but simply on the existence of the murmur as the prime fact, 
on the exact point in the cardiac ct/clc (in the systole or in the 
diastole) at which it makos its appearance, aud on the consecutive 
changes found in the heart. 
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These finabomicat Btmctaral modificatioae, which consist nsti&lly of 
the deposition of Ijmph and the formation of excrescences on the 
valves and arterial orifices, atrophy or shrinking of these ports, adhesion 
of the val^TiIar segments to each other or to the endocardial lining of 
the heart, &c., are always the scqtieln; of a previous attack of acute 
or chronic endocarditis. 



Inoegakic (Accidental, An.'emic) Murmdrs. 

Whilst, as already remarked, diastolic murmurs appear onlif 
in connection with acme actual raechanical disturbance of circn- 
lation, it is one of the commonest experiences to find a systolic 
murmur in a heart in which there is no valvular disease or other 
anatomical lesion, that is, imder normal conditions so far as the 
organs of circulation aro concerned. Such a murmur, in contra- 
distinction to those which result from organic affection, is termed 
an inorffajdc murmur. 

Inorganic murmurs are distinguished from those of organic 
origin by the following characters : 

1. By their softness, feebleness, and short duration ; they are 
of a gently blowing quality or softly aspirated, never h&rah, 
sawing, or rasping, &c. 

2. By their rhythm; they are, as already noted, nctrrdidstoUc,* 
but invariably systolic and generally attended by a more or less 
marked systolic heart- sound. 

3. They occur most frequently at the pulmonary orifice, next 
most often at the mitral orifice, but very seldom at the aortic or 
tricnspid valve. The systolic murmur is most usually limited to 
the pulmonary orifice, sometimes it is heard over both it and the 
mitral valve, occasionally over the latter alone, and very rarely 
over both auxiculo-ventricular valves and both arterial orifices. 

4. Th'y are very commonly , in chlorotic subjects, combined 
with m.urmur8 in the rrina of the neck. 

5. They are not permanent, but become feeble as the general 
health improves, and ultimately disappear altogether. 

Systolic, inorganic murmurs are noticed not unfrcquentiy in 

gcvcre acute diseases, such as pneumonia, typhus, puerperal fever, 

scarlatina, small-pox, in the later stages of relapsing fever, &c.; 

but it is particularly in an(t7nic conditions that they are heard, 

•whether this impoverishment of the blood be due to direct loss 

* Several aathon BUt« that in some extremely rare cues they haTB observed aa 
inorgnnic tnurmur diattodo in ihjthm ; I Lare never yet seen such a case. 
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by btemorrbage (as in women who have been recently confined) 
or to chronic disease lending to cbanfjes in the constitution of the 
blood, (especially chhmais, pernicious anaemia, leukiEmia), to 
marasmus (as in carcinoma of the various organs and in malarial 
cachexia), or occasionally to pref^nancy- 

Inorganio murmurs at the mitral orifice are caused by the 
unequal tension of the segments of the valve, and at the pul- 
monary orifice by the unequal tension of the sides of the 
artery- 

This abnormal vibration (or tension) of the valves and arterial 
walls is chiefly the result of slight fatty metamorphosis of the 
muscular substance of the heart, more especially of the jyapillary 
muscles, which takes place whenever anajmia becomes profound.* 

When the pupillary muscles, as the consequence of fatty 
degeneration of their constituent fibres, contract unequally and 
with less energy than in health, the tension of the auriculo- 
ventricular valve with which they are connected is likewise 
diminished and non-uniform ; in this way, as in oases of dilatji- 
lion of the heart, a temporary relatirc insufficiency of these valves, 
particularly of the mitral, may he produced. 

The recognition of an inorganic murmur is, as a rule, com- 
paratively easy, its character and seat, the general morbid con- 
dition in which it seems to have its origin, and the existence of 
ansemic murmurs in the veins of the neck, being usunlly sufficient 
to establish its identity. The inorganic nature of a murmur, 
however, is most conclusively demonstrated by proving the 
absence of consecutive organic changes in the heart. 

As an inorganic murmur (in chlnrosia, for iDBtance) may be loudest 
at the apex of the heart, and as the heart's action is commonly also 
increased in vigoiu*, the first impreseion communicatod to tbo examiner 
may bo that he has to deai with mitral insufficiency, but this hypothesis 
is at once disposed of by the uhifriu-r of hypertrophy of the right heart 
and of any intensification of the Bfcoiid piihnonary fiitund. It is, never- 
theless, quite coDccivable thftt in certain cases in which chlorosis is 
present murmurs may be geuerated by a nltitife insufficiency of the 
mitral value. 

* In uiimtls fatty degcnerBtion of the heart maj be experimeatallj piodoceil by 
repeated and oopiooa venetectioa (Perl). 
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Pbopaqation and Point of Origin of Cardiac Murmurb. 

Wlien it has been aBccrtainocl simply that a munnnr, systolic, 
Uiastolic, or both, is heard over the heart, the only diagnostic 
inference that can be drawn is the general one that there exists 
some obstacle to the circulation of the blood within or near the 
heart ; but the particular valve or arterial orifice at which it 
arises can be determined only by finding that it is loudest at a 
certain spot corresponding to the anatomical situation of tliat 
valve or orifice, by fixing, in other words, its point of maximum 
hiteimty. Wherever tho murmur presents greatest intensity, 
there is the centre from which it emanates; the further the ear 
is removed from this spot the feebler becomes the murmur. In 
general murmurs are propagated to, and reach their maximum 
intensity at, certain points according to the same laws that are 
found to hold good in the case of the heart-sounds ; they are 
transmitted most distinctly, therefore, towards those parts at 
which the heart is not covered by lung and in the direction taken 
by the blood-current. Thus, murraui-s arising at the mitral ralvi 
(iir loitihst at the apex of the heart or immediately above it, 
iricttfipid murmvrs arc ioitdest over the lower part of the sternum, 
pulmonari/ murmurs in the seeond left intercostal space close to 
the sternum, and aortic murmura in the second right intercostal 
space at the edge of the sternum and over the whole length o/ the 
body of that hone, 

1. Mitral Murmurs. 

Systolic murmurs originating at the mitral valve, whetlier that 
structure be functionally competent or not, are almost always of 
maximum intensity at the apex of the heart, while at that point 
beneath which the valve really lies they are but faintly audible, 
as the heart is there sheltered behind a layer of pulmonary tissue. 
Even in those cases in which tho base of the heart is not so 
covered over by lung, whether this be duo to retraction of the 
anterior border of the lung from hypertrophy and dilatation of 
tho right heart or to the presence of pulmonnry condensation 
complicating the cardiac lesion (a very rare circumstance), the 
murmur is still loudest at the apex, the cAses being very ex- 
ceptional in which it is of greatest intensity over its point of 
origin, that is, in the second left intercostal space. The results 
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of post mortem examinnkion warrant us in (ittrihutiug tlie last- 
mentioned phenoraenon, when it does occur, to hypertrnphj; <*/ 
the left auricular appt'itdix, as tliis part of tlie auriclo, when much 
enlarged, comes into immediate contact with tlio anterior wall of 
the chest (Naanyn) ; thus, as in ever)- case of mitral insufficiency 
the systolic regurgitant current of hlood, rushin-f from the left 
ventricle, enters not only the corresponding auricle hut penetrates 
also to ita appendix, (the cavities of both parts being continuous), 
the farther the latter passes round the pnlmooary artery and the 
nearer its apex comcH to the anterior chest-wall, the more favour- 
able are the conditions presented for the propagation of the 
mitral murmur through the left auricle into the appendix and 
thence to the thoracic purieles, 

Nftonyn based his opinion that the abnormal intensity of this murmur 
in the second left intcrr.ostal space is reiilly caused by hypertrophy of 
the left aoricnlar appendix on a simple experimeut : he found that if at 
the spot at which the marmur wmh loudest during life a elender noedlo 
be thrust perpendicularly into the chest it pierces the appendix exactly 
«t the part, at which it turns round tbs pulmonary artery and comes 
forward towards the anterior surface of the heart. 

The diastolic murmur arising from stenosis of the mitral 
orifice is always loudest at the apex of the heart and in the 
region immediately adjoining it towards the right ; it is trans- 
mitted, therefore, in the direction of the blood-stream, as it is 
produced by the commotion of the latter in passing from the left 
auricle into the ventricle. 

But this murmur, apart from the circumstance that it presents 
its greatest intensity at the apex, is marked by one verj- distinctive 
feature by which it may be known from the other diastolic mur- 
murs heard over the heart, particularly from those emanating 
from the aortic valves : it is not of precisely the same quality 
throughout the whole period of ita duration, but is generally 
divided into ttro, sometimes even thrct j^oriians, which are not 
indeed separated from each other by any ver\* appreciable pause 
but which difiur very slrikingty in character and in the rapidly 
increasing loudness of the murmur from its commencement 
to its end. Thus, while the murmur is at first feeble and 
soft, it speedily becomes louder and towards the end of the 
diastole is usually rouj^h, rasping, or grating in quality. — 
Frequently, also, in cases of mitral contraction no murmur what- 
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ever is audible over the apex of the heart at the beginnmg of the 
diastole, this being developed only at the end of the diastole, 
immediately before the systole ; it is accordingly in such circum- 
stances named a pirsifstolic murmur. 

That the murmiur is so often absent at the commeneemeni, 
and is developed towards the end, of the diastole, that is, in 
the presystole, is probably to be explained in the following 
way ; when the heart is at rest in the diastole the pressure 
on the blood flowing from the left auricle into the ventricle ia 
very low, and if the valvular orifice be not excessively contracted 
and its walla not very rough tho blood-stream encounters no 
resistance in its passage through it, and therefore no murmur is 
set up; but when, just before the contraction of the ventricle, in 
the presystole, the auricle contracts, the onward cuiTent into the 
ventricle is suddenly fjuickened, tho pressure at the narrowed 
auriculo- ventricular opening is considerably increased, the blood 
is thrown into commotion and a murmur is of necessity produced. 

In Uke manner the presystolic murmur may be intensified, and 
a true diastolic murmur, coming shortly before it, may be CAlled 
into existence, by exciting the heart to more forcible contraction. 
In such cases, therefore, there is generated a murmur which 
occupies the wliolc of the diastole, but which, as it is added to 
and rendered louder in each presystole, is composed of two dis- 
tinctly recognisable parts. 

As stenosis of the mitral oriQce is almost invariably compli- 
cated by insufficiency of the mitral valve, the diastolic-presystoUc 
murmur generally passes at once into the systolic murmur result- 
ing from that insufficiency ; the latter is often accompanied by 
a short dull systolic heart-sound when the valve at any part still 
preserves enough of its normal structure to enable it to enter 
into vibration. 

Sometimes in stenosis of the left auriculo-ventricTjlor ori£ce the 
diastolic or presystolic marmtir disappears entirely when the heart is 
acting quietly, and is replaced by a dutihlg diastolic sound, wbirb is 
immediately converted iuto a diastolic murmur when the force of the 
heart's contraction is iucreased (compare p. 27B). — The diostoHo 
valvular sound nLso, proceeding from the arterial orifices and propa- 
gated downwards towards tho apex of the heart, is commouh* heard 
along with the tiiastolic or presystolic murmur. 

The long duration of the diastole, which in cases of mitral etenoeis 
ia owing to the slow filling of the ventricle, explains the long duration 
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diastolu murmur as compared with the slwrtnexf of tho systolic 
or, when tho stenosis is complicated by insufScicncy, of the 
■ystolic marmnr. 

2. Aortic Murmurs. 

Murmura originating at the aortic orifice, at the aortic valveSf 
and beyond them in tho ascending aorta are, like the normal 
arterial sounds, conducted with greatest intensity in the direction 
taken by the blood-stream, and are therefore frequently very 
lond and distinct in the secojid right intercostal space at the 
sternal insertion of the third right costal cartilage ; thi'y have 
the same intensity, however, over a Inrge part ttf the atcruum, and 
are indeed often louder over that hone than at the point just 
mentioned. It is essential, therefore, in investigating any case 
of aortic disease, that the ichok of the sternum should bo care- 
folly auscultated, as the murmur presents its greatest intensity 
sometimes at one spot, sometimes, at another, on the surface of 
the bone. 

The systolic aortic murmur is caused by contraction of the 
aortic orifice, by rough excrescences which retard tho current of 
blood through it, by atheromatous disease in the initial portion of 
the TesBel, and by aortic aneurisms. Tho didstidiii aortic mur- 
mur arises from the regurgitation of blood from the aorta into 
the left ventricle when the semilunar viilvcs which guard the 
aortic orifice prove incompetent ; it is distinguished from tho 
systolic aortic murmur b}' its longer duration, and from the 
diastolic mitral murmur (which, however, it resembles in point 
of duration) in being of more uniform character ; it is not, like 
the mitral murmur, divided into several detached and dissimilar 
portions, but pvcserves its rushing or blowing quality in full 
intensity often throughont the whole of the diastole. Tliis. 
peculiarity alone, apart from the situation in which it is best 
heard, is sufficient to identify it as aortic in origin. — Systolic 
and diastolic murmurs may co-exist, and are then generally 
separated from each other by a well-defined pause, though occa- 
sionally tho one runs directly into the other without any such 
interval. 

3. Tricuspid Mormurs. 

These are commonly loudest over the lower part of the 
Btemum. Aa they are exceedingly rare, however, tho diastolic 
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murmur being even rarer than the syatolic, and as aortic mur- 
murs are frequently heard with great distinctness in the same 
rejjion, the actual exiatence of a genuine tricuspid murmur can 
1)0 affitmed only when the consecutive sififna of aortic lesion are 
obviously wanting and those of tricuspid lesion (more particu- 
larly the venous pulse) are demonstrably present. 

4. PULMONAEY MuRMURS. 

Murmurs emanatiug from the pulmonary artery are of extreme 
rarity ; when they occur they are most plainly audible in the 
second left intercostal space, close to the sternal insertion of the 
tbii'd rib, that is, exactly at the part beneath which the pal- 
monarv orifice is situated. 



The different heart-murmurs may be associated with each 
other in various ways. The commonest instance of this is seen 
in the combination of two murmurs, a systolic and a diastolic, at 
the same spot ; this takes place most often at the mitral valve, 
next most frequently at the aortic orifice. — The other variety of 
combination is that in which murmurs arUe at two or even more 
:tepitrn(i' jhtints within the heart. The fact that such murmurs 
originate independently of each other in any given case is placed 
beyond doubt by observing that they are of nearly tqiuil intensity, 
and are possibly very dissimilar in timbre, at two difterent points 
on the surface. If the murmur be simply systolic at one oS 
these and exclusively diastolic at another, it is self-evident that 
it is double, owing its existence to morbid alterations at more 
Ihan one part of the heart. But even when two systolic or 
two diastolic murmurs present themselves at two points in the 
precordial region the recognition of their separate origin is as a 
rale verj' easy. As tricuspid and pulmonary lesions are on the 
whole somewhat uncommon, the murmurs which are most often 
combined are those proceeding from the mitral and aortic 
valves. 

The occurrence of two murmurs, at two of the valves or two of Iho 
orificos i>f the heart, does not affect their proptigation or the localiza- 
tion of their points of greatest intcDBity. Thus if there be a systohc 
mnrmur at tiio mitral valve and a diastolic murmur at the aortic valves, 
the former, as alreftdj indicated, coatinuea londcst at the apex, the 
latter at tlie steruul insertion of the third right rib or over the surface 
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of the breast-bone. — The number of murmurs beard in the prtDcordial 
region varies with the number of valves or cardiac orifices involved in 
disease. At each aoricnlo- ventricular valve and orifice two murmurs 
may be generated, one, systolic in rhythm, when the toItg is incompe- 
tent, one, diastolic, when the orifice ia contracted ; and similarly, at 
the root of each of the great arteries two murmurs may originate, one, 
systolic, when the arterial orifice is narrowed, and one, diastolic, when 
the valves which guard the orifice become insuflicient. It is to this 
that the great variety of combiantioa into which murmurs eutor in 
complicated cardiac diseases is due. I had for a long period one case 
under observation, in which five diflerent murmurs were distinguish- 
able, one systolic and one diastolic at each of the arterial orifices and 
one systolic at the mitral valve. 

Occasionally the dilTerentlation, particularly as regards timbre and 
•eat of greatest intensity, of the various murmurs dependent on cardiac 
diseases of a comptoi nature, is attended by some little dithciilty, on 
account of the influence which these morbid sounds exert on oacb other 
in being propagated through the tissues ; as a rule, however, a con- 
sideration of the otber physical signs and the consecutive changes in 
the heart, as well as of the condition of the circulation generally, is 
sufficient to guide one to a safe concluBic«i with reference to the point 
at which a murmur is produced. 



The following is a reaume of the physical signs comaected with the 
Tarioas heart murmars. 



leu 

tht: 

■tfcw 



1. Mitral Insufficiency. 

ti/stolic mtiriimr pre^enthtif its iirentefit intensity at (he apex of tli* 

(the systolic sound being cither completely wanting or still 

leard with greater or less diatiucbiess), hypntntphy tnui ililalation of 

tht: ru}ht reMtricle, ami inten«ijicittion of the second piilmonari/ arUriai 

Uii. 



2. MiTRAi. Stenosis. 



A diastolic or premjstoUc murmur htmhst at the apex (sometimes 
also, when the heart's action is tranquil, rfihiplicatitm of the (UnMolic 
wunii), fiifpi'rtropliy (ttu! liitattUtan of the rit/hl rrntrick and ititensiji- 
cation of the meottd pubiioniirii artrrinl souinl. — WHien, as is very 
frequently the cast', there ia mitral ineiufficieticy us well as stenosis 
present, the diastolic murmur is combined with one which is systolic 
in rhythm. 



^Bmi 



3. Tricuspid Insufficiency. 



A syttolic murmur most, distinct orn' the loner pnrt if the sl^ranni, 
stolic pulsation of the jiujHlitr vein,t, and sometimes verj' marked 

mf'eebtetncnt of the second pidmonanj arterial sottrul (from lowering of 

the blood-pressure within that vessel). 
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4. Tricuspid Stenosis. 

ThiB is an extromely rare cardiac lesioD, scarcely ever occunring 
ahne. It is marked by a diastolic or presystolic munnnr, loudest over 
tho lower part of the steramn, and by presystolic pnlsatiou of the 
jugular TeinB. 

6. Stenosis of the Aortic Oritice. 

A syatoUc mvrmur most atuUbh in the second right intercostal space at 
thr strnuil insertion of the third riijht rib, of equal iutrtisiti/ over thf 
whole of the upper jntrt of the Meniuni (tho first sound being absent or 
still hoard along witli the miirniur), hijperirophy nwi tHhitntiiin of the 
l^ft ventricle, a very small niilial pul/ie. This affection is generally 
complicated by insatHcicncy of the aortic valves, when the signs proper 
tti tho latter are added to the foregoing. 

6. Aohtic Inbufficiknct. 

A diastolic murmur of nutrimum intenxity over tJie greater part of tlu 
ntem-um atid in tiut second riijht intercostal space at the sternal iiiaerticn 
of the third rib ; the first aortic sound is often muffled, or superseded 
by u murmur^ as the entrance to the vessel is usually roughened by 
Btructurnl change or deposit, and is therefore the seat of more or less 
considerable narrowing. In the carotid artery the first sound is 
commonly of a similar, indistinct character, or is replaced by a murmur, 
the seeoiid carotid stiuml btimj absolutely ntituitiy or masked by the 
diastoUc murmur transmitted from the aorta. This lesion is farther 
characterised by hypertrophy and dilatation of the left eentricle, and a 
lovnding pulae. The arterial pulse may be accotnpanied hy an audiUe 
\$mmd. 

7. Stenosis of the Pulmonart Arterial Orifice. 

A systolic murmur most marked in the second Uft intercostal space 
close to the sternum ; hypertrophy ajid dilatation of the riyht ventricle. 



8. Insufficiency of the Pulmonary Arterial Valvbb. 

A diastolic iiiuriiuir irhose neat of vtaximvm intmsity is in the necond 
left intercostal space : hyptrtrophy and dilatation of (he riyht rentriclt, 
— Pulmonary arterial lesions are very seldom met with ; when they do 
occur both forms, stenosis and insufficiency, are most commonly 
oombiued. 



Aortic Aneurisms. 



•]■; 



M give rise merely to systelic mormnrs, or, if eom- 
pUc.i < it-ncy of tlie valves, aJso to diastolic murmurs, the 

0ystoUc sound bving stUl audible or entirely abolished. 



PEBIOARDUL MURUURS. 
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The point of maximum intensity of aortic oineurismal murmurs 
generally coincides with that of murmurs dao to aortic Btenosis or in- 
satficiencj, the propagation and distribution of such mormors, how- 
ever, varying with the Bize and the precise eituation of the tumour. 
Thus, the murmur from an aneurism of the ascending portion of the 
arch of the aorta is heard most clearly in the second right intercostal 
Bpuce and over the sternum, that from aneurism of the tranaTorse part 
of the arch passing still further to the left of the sternum. All these 
murmurs are frequently perceptible to palpation over a large extent of 
surface. They may, however, bo entirely wanting even in aneurisms 
of moderate size, provided that the aortic oriiice be not contracted by 
very rough growths and that the sigmoid valves be still intact ; in such 
circumstances simple heart-sounds of greater or less purity take the 
place of murmurs. Aneurisms of the aorta lead to hypertrophy of the 
left ventricle when, as is usually the cose, the aortic valves are at the 
same time insnfficient; hut should the latter structures continue 
capable of effecting complete closure of the orifice the ventricle may 
show no increase in size. 



Pehic.uidial Murmurs. 

So long as the opposed visceral and parietal surfaces of the 
pericardium retain their normal perfect smootliness, the gliding 
of the one upon the other, which necessurily takes place when 
the heart contracts and moves about in the pericardial sac, is 
accomplished absolutely noiselessly. But when they are 
roughened by the deposit of libriuous exudation, as the result 
of inflammation of the pericardium, the friction of the one on 
the other, duo to the heart's movements, gives rise to certain 
murmurs, known as pericardial frktlon-murmurs. 

The impression these sounds make on the ear ia that of a 
light rubbing, scratching, grating, &c., characters which alone 
are generally sufficient to diatiuguish them fi-om the soft blowing 
murmurs of endocardial origin. 

Pericardial friction-murmurs also, those at least arising on 
the front of the heart, arc very frequently accompanied by well- 
marked /rcmi^us which, except that it is somewhat feebler, is in 
no way different from the thrill due to pleuritic friction. The 
general character of this vibration is such as to suggest a very 
superficial origin, — it seems to proceed from a point immediately 
beneath the chest-wall ; as there is no palpable endocardial 
murmur which bears any resemblance to the paljmble pericardial 
murmur in this particular respect, attention to this sign alone is 
enough to set at rest any doubt as to the origin of a murmur. 
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Next in diagnoatic importance to this superficial qaalit}' is 
another by which pericftrdial may he hnown from endocardial 
murmurs: thci/ are not piTmaiwiitly aiinehnntou^ with tin" systoh' 
or tVuistole, but are apt to occur irrt'ijtilarly in the cardiac cycle, 
following at one time the systole, at another the diastole, accord- 
ing to the situtttton of the points, on the surface of the heart, nt 
which the roughened pericardial memhraues come into contact. 
Thus, a friction-sound may he heard at the base of the heart an 
instant earlier than in the region of the apex, as the contractiau 
of the auricles precedes the ventricular systole. — Most commonlv 
both of the heart-sounds remain audible, the friction-mnrmnr 
being interposed between them. Pericardial murmurs, also, are 
never propagated to such a distance as eudocardial murmurs ; 
sometimes at parts comparatively close to those at which they 
are distinctly appreciable they become feeble or even disappear 
completely. 

The ititenxiii/ of pericardial murmurs depends principally on 
the following conditions : the amount and thickness of the 
iibriuous deposit, the degree of energy with which the heart acts, 
the locality at which the murmurs are generated (other things 
being equal, therefore, friction -sounds developed towards the 
front of the pericardium are louder than the others), and the 
attitude of the patient. Friction-murmurs may be caused to 
disappear from one part and reappear at another by changing the 
attitude of the patient and so altering the position of tho heart, 
the visceral and parietal surfaces of the investing membrane 
being then brought to bear on each other at different points. In 
the same way they may be weakened or even abolished by placing 
the patient on his back, or, on the other hand, they may be first 
called into existence, or intensilicd, when he is caused to ait or 
stand or to turn over to the left side. Inspiration, when it 
coincides with the contraction of the heart, has usually the effect 
of increasing the intensity of the friction-murmur. 

Tho various conditions which have been described above as 
diminishing or increasing the intensity of pericanlial murmurs 
have no such influence on endocardial murmurs ; a consideration 
of these diagnostic indications, therefore, apart from the other 
aigns of pericarditis, usually enables one to recognise with cer- 
tainty the fHTicardial nature of a murmur, even when the latter 
psMents a low degree of intensity. 



■ 



It is only very soft and feeble pericardial murmurs, such as com- 
municate no feeling of vibration to tho hand and thus want one of 
tiieir most characteristic features, that are apt to be mistaten for those 
of endocardial origin ; tbia happens particularly when the heart acts 
irregularly and with great rapidity, when there i» almost no possibility 
of making a distinction between systole and diastole. But even ia 
such cases prolonged observation, and examination when the heart's 
action is quiet, generally warrant the formation of a positive diagnosis. 
— No reliance is to bo placed on the rule sometimes laid down, that 
simple pressure with tho stethoscope, which brings the two pericardial 
surfaces into more intimate contjict with each other, serves to dJs- 
iingnisb between pericardial and endocardial murmurs by intensifying 
the former and weakening the latter, aa murmurs really taking their 
rise within the heart are Bometimes rendered louder by this manceuTre, 
— occasionally even a pure systolic heart- sound at the apex may, by 
exercising pressure in this way, bo transformed into a well-marked 
systolic murmur. 



HlK) 



Sometimes friction-sounds which differ from each other in 
me particular, but which nevertheless are of equal intensity, 
are beard at sevcrul points in the priecordial region ; sncli 
mmTHura are not produced at and transmitted from one common 
point of origin, but proceed from several distinct and separate 
spots on the heart's surface. 

Friction -sounds are not usually audible throughout the whole 
period that the pericarditis lasts, but, as a rule, only at its be- 
ginning and end, — at the outset of the disease, as the amount of 
exudation jjoured out is still comparatively small and the two 
layers of the pericardium are thus permitted to come into closer 
relation tu each other, and towards its termination, as the fluid 
portion of the exudation is now absorbed and oulj tho firm 
fibrinous portion ia left behind ; but at that stage of tho affection 
at which the exudation is most abundant the murmur disappears, 
tho serous surfiiccs being held apart by the mass of fluid inter- 
between them. Pericardial and pleuritic friction are thus 
subject to exactly the same laws as regards the particular stage 
of the disease at which they are observed. — Pericardial friction 
appears earliest and most frequently at the base of the heart, in 
the neighbourhood of the great vessels, as at this part the organ 
IB less freely movable than in its lower segment, and the peri- 
cardial surfaces are allowed to remain longer in contact ; here 
also a much more copious exudation of fluid is required to sepa- 
rate the visceral from the parietal layer of tho pericardium and 



Bposed 
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HO prevent them from rubbing on each other. On the other 
hand, friction-sounds often persist for weeks after the subsidence 
of the pericarditis, hut they diminish gradually in intensity as 
the fibrinous deposit njolta and becomes more fluid, till they 
disappear altogether when the surfaces regain nearly their normal 
amoothnesB or when the two portions of the membrane are glued 
together by adhesions. 

Pericardiiil friction-murmurs are not dependent solely on pericarditis ; 
they aro somelimos due to tuljerculosis or cancer, ecchymoses or 
callous tliickeniiJg, of the pericardium, muscular tumourfl of the heart, 
nud similar nflcctions. It is stated also that abnormal dryness of the 
pericardium, in the stage of asphyxia in choleiu, occasions pericardial 
murmurs ; for my part I have never observed murmurs of this nature, 
though I have frequently searched for them in patients in the condition 
described. 



Murmurs are also Bometimes caused by the presence of rough- 
ness of the tmttr surface of the pericardium, when this part of 
the membrane rubs against the adjoining portion of the lungs or 
the thoracic parietes ; these are termed cxtraprricnrdial or 
pneumo-pericardial murmurs, aud are identical in character with 
the intrapericardial murmurs. — Finally, the pericardium may be 
perfectly smooth but may move to and fro on the roughened 
pleura (in casea of Pleorisy), Murmurs (pleuro-pericarJial) so 
produced are usually enfeebled or even abolished by simply hold- 
ing the breath ; very rarely they persist notwithstanding that 
respiration is suspended. The formation of a diagnosis between 
intra- and extrapericardial munnurs is possible only on taking 
into full consideration all the other signs furnished by physical 
examination, though even then it cannot always be made with 
perfect certainty. 





299 



I 



AUSCULTATION OF THE ARTERIES AND VEINS. 
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Arterial. Sounds. 

As in the initial portion of the aorta, so in the great vesBels 
springing from it, certain sounds are hcaril accompanying each 
contraction of the heart, developed partly in these arteries them- 
selves, bat for the most part conducted thither from the aorta. 
The only arteries which it is cnstomary to auacultate for the 
pnrpose of investigating these Bounds, are the carotid and Bub- 
clavian ; in certain cases, however, to be mentioned further on, 
Tessels of much smaller calibre, such as the brachial or femoral, 
are examined isith the same end in view. The point at which 
the carotid may best be auscultated ia in the fossa inter-stemo- 
cleidomastoidea, that best adapted for the study of the subclavian 
Boands being in the Biipra- or infraclavicular fossa, towards the 
acromial end of the collar-bone. 

If the stethoscope be placed lightly on the carotid artery, 
when the circulatory apparatus is in its normal state, there are 
heard ttvo perfectly pure soinids accompanying each cardiac 
systole, separated from each other by a short pause ; the first of 
these coincides vrith the expansion, the second with the contrac* 
tion of the artery. The expansion of the carotid artery ia 
synchronoua with the systole of the heart, its contraction ia 
simultaneons with the cardiac diastole. 

To prevent misunderstanding I think it is better to avoid the use of 
the terms "systole" and "diastole" in describing the periods in which 
sounds and murmurs are heard in the ai'teries, as those words have be- 
come BO intimately llesociated with the nomenclature of the phases of 
the heart's action that thoy at once and involuntarily recall the latter to 
mind ; aU risk of confusion in this matter may he obviated by employ- 
ing the terms "contraction" and "expansion" with reference to the 
arteries. — It ia only in largo arteries, those situated close to the heart, 
that arterial expousioa, i.e., the arterial pulse, corresponds exactly with 
the heart's systole ; in the more remote vessels the iaterval between the 
cardiac polsation and the arterial throb mny be so prolonged that the 
latter comes to coincide almost with the diastole of the heart or occurs 
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as the palmar arch, aa they are expanded by each snocessive 
systolic blood-wave ; it disappears, however, or becomeB weaker 
in the later stages of this affection, when the contractile power 
of the left ventricle begins to fail and the tension of the 
arteries, and the blood -pressure within them, are conseqaently 
diminished. In those instancses, moreover, in which the cardiac 
disease consists simply of hypertrophy of the left ventricle 
without any valvular defect in the aorta, a sound ia heard in the 
larger arteries (the femoral, for example), though this sound 
is not by any means constant in its occurrence, and even when 
present ia feeble ; so long as the aortic valves preserve their 
normal structure the arteries show no unusujd diminution of 
tension during the period of contraction, the increase in their 
tension is therefore not so great, nor docs it take place so 
rapidly, as in other cases in which the valves of the aorta are 
incompetent. 

Further, a soft, faint sound is occasionaUy detected over the 
femoral artery during the period of systolic expansion, in febrile 
diseases, and in anxmia and chlorosis (Weil), bat only when 
the tension of the vessel in contraction is in some way lessened, 
BO that the difference between the tension of contraction and that 
of expansion is greater than in health. 

It has been stated above that sounda in the large arteries near 
the heart arc to be considered as purely physiological phenomena, 
and that sounds in vessels at a distance from the heart and in all 
the smaller arteries have a decidedly pathological signification. 
There is another variety of arterial sound, however, protlwid 
artificially, by compression, which is different in nature from both 
of those just described, occupying a middle position between 
them. IS an artery of somewhat large calibre be pressed upon 
with the finger or the edge of the trumpet -shaped extremity of 
the stethoscope, so as to close it completch/ or almost completely, 
its expansion at the point of compression is accompanied by a 
sound, as the walls of the vessel, above the obstruction, are by 
this proceeding more forcibly stretched and rendered tense, with 
each cardiac pulsation, — exactly the conditions which are held to 
be requisite to the physiological production of the first (systolic) 
sound in the great vessels, the aorta and pulmonary artery. If, 
on the other hand, the pressure made on the vessel be not suffi- 
cient to completely arrest the flow of blood through it a murmur 



is heard instead of a sound, as the blood-stream is thrown into 
the necessary whii-ling or eddy-like commotion at the narrowed 
part of the artery. 

In all cases in which a sound, of patliological or artificial origin, pre- 
sents itself in arteries remote from tbe heart, this Bound is, with rery 
rare exceptions, «tm//<! and is associated with the txpatuion of tbe vessel. 
O. Woltf asserts that over arteries of medinm size, suefa as the radial 
or ulnar, (in very emaciated subjects of middle age, and by being careful 
to exercise only a certain moderate amount of pressure with the stetho- 

IRCope), three, sounds may be recogniaod in each cardiac cycle, following 
▼ery quickly ou each other and corresponding with the phenomena of 
tricrotivn as demonstrated by the sphygmograph ; the first of these he 
explains as duo to the expansion of the arteries, and the two others, 
occurring during the period of contraction, as caused by the arterial 
tecojl-waves. My own observations are not confirmatory of Wolff's 
statements, though I have repeatedly examined, witb tbis special object 
^- is view, patients whose condition was such as to bo highly favourable 
^pto the practice of arterial auscultation. — In certain cases of very marked 
^■insufficiency of the aortic valves, not merely one soand, connected with 
the expansion of the vessel, is audible over the femoral artery, but also 
a second sound, dependent on arterial contraction ; the muml here, 
therefore, is dmihle. Traube accounts for this second sound by the 

■ supposition that during the period of contraction the artery subsides 
suddenly from the stato of extreme tension into which it was thrown in 
expansion, to a condition in which its tension is very low (aa the result 
of the rapid dra'miiig-away of the blood in two opposite directions 
simultaneously, towards tbe heart and peripherally into tbe capillaries), 
and that in so doing it emits a sound strictly analogous to that yielded 
by any other tense membrane, such as a viohn-string, when it is swt- 
denbj relaxed. There are cases, however, in which the second sound 
appears only soma time after the relaxation of the arterial walls is com- 
pleted ; to these, accordingly, Traube's explanation is not apphcahlo. — 
Bamherger's theory on this subject is that tlie second sound is caused 
by the returning blood-wave ; when the volume and force of the latter 
are above the average, and the tension of the artery iu this way in- 
creased, the result is a sound, but if the wave be smujl and the arterial 
tension low a murmur is produced (see p. 307). This doctrine fumishea 
a ready explanation, aa Bamberger points out, of the fact that the double 
Bound is observed almost oiclnaiveJy in the fumoral artery*, as this vessel, 
on account of the directness and great length of its course, is better 
adapted for the reception and propagation of the centripetal regurgitant 
wave than even large arteries which after a short course break up into 
numerona branches. It seems, moreover, that the occurrence of a 
doable arterial sound is not limited to cases of aortic insnlhciency ; 
"Weil reports having met with this sign in two cases of stenosis of the 
mitral orifice. 




u 
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Arterial Murmurs. 

Murmurs may ftrise from local causes in the large arteries (the 
carotid and Bnbda^'ian), or maif he transmitted to these vestels 
from the heart, or may he develiiped artificUdly in all superjicial 
arteries by simple pressure. Murmurs of locitl origin and arti- 
ficial murnmrs are invurinhly synchntnntts with the arterial 
pulse, i.e., with the expansion of the artery; transmitted mur- 
raura, on the other hand, may be audible both in the period of 
ejrpansion nnd in that of contraction of the artery. 

1. Murmurs in the carotid and subclavian are to be set down 
as of local development, when over the heart no trace of their 
existence can be made out. Such murmurs, always exactly 
coincident in time with the pulse, not unfrequently occur even 
while the structure of the arteries is still perfectly normal. 
On I- condition, however, is essential to their existence, — in- 
creased action of the heart ; when by this means the artery is 
widely dilated, and when this expansion is effected suddenly, 
a murmur is excited by the oscillation of the blood-wave as it 
enters the widened part of the vessel. It is nevertheless con- 
ceivable that these are not merely '* fiuid-murmors " bnt that 
they may also be owing to unequal tension of the arterial icalU: 
thus, as it is undoubted that the expansion of the arterial walls 
by the pulse-wave (in the large arteries) occasions a sound, 
appears not improbable that in certain circumstances, partic 
when the action of the heart is accelerated and strengthened, 
that is, when the arteries are more quickly and more forcibly 
dilated, a murmur may be generated instead of a soond. As a 
matter of fact it is frequently observed that pure and unmistake- 
able sounds are transformed into indubitable murmurs when the 
action of the heart is increased in vigour. These local carotid 
and snltclavian murmurs are also always attended by a more or 
less distinct and loud sound. And further, whilst the really 
arterial murmurs, so long as the circulatory apparatus continues 
unaltertnl in structure, occur only periodically. — when the heart is 
stimulated to more energetic contraction, — they often peraist for a 
eompftrativcly lengthened period when the left ventricle is the seat 
of A considerable degree of hjpertrophy, especially the hypertrophy 
which is consecutive to MNrtic insufficiency ; here are presented 
circumstauct's most favourable for the formation of arterial 




CAROTID AND SUBCLAVIAN MUHMUBS, 
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murmurs, — dilatation of the arteries and extreme and rapid 
tension of their walls. 

In the branches of the carotid also, local arterial mnrmurs, 
synchronous with the heart's systole, are heard when these vessels 
ondorgo such morbid changes as cause them to become tortnoas 
and dilated, and when the widened portions of the arteries are 
continuous with others the lumen of which is normal and which 
are therefore narrower. In small vessels which suddenly widen 
at certain parts of their course, and equally in large vessels which 
at points are abruptly reduced in calibre, an oscillation of the 
particles of blood ensues, a vortiginous motion is communicated 
to the blood-stream, and a murmur is produced. The arterial 
murmurs heard in the enlarged thyroid gland (and also in the 
carotid and subclarian) in exophthalmic goitre, are of this nature; 
they are to be distinguished from the venous murmurs also 
observed in this kind of tumour (see p. 313) by being audible 
only with each systole of the heart, while those emanating from 
the veins are continuous. 

Murmurs set up locally in the subclavian and carotid arteries, 
coincident with the cardiac systole, are also sometimes due to 
pathological changes (sclerosis) of the arterial walls, particularly 
Tvhen these are complicated by hypertrophy of the left ventricle 
of the heart, or, above all, by aneurism. The cause of the mur- 
mur in these cases as in the others, is the whirling commotion 
imparted to the blood-current at the diseased part. 

To the group of murmurs under consideration, tboae developed in 
the carotid or its ramifications, falls to be added the encephalic murmur, 
discovered by Fiaber in 1833, It occurs in nearly oue-half of all 
mammals (Stefien) ; it consists of a soft blowiisg murmur^ whieb keeps 
time accurately with the heart's systole, and ia heard most frequently 
over the great fontanelle and iu ita immediate vicinity (somettmeH also 
at the small foiitauelle) from the foui'tb muuth to the sccoad year of 
life, or, in certain affeclionu in which tlie foutuuelles remain opeu, even 
as late as tlie sixth year. It probably arises in the manifold windings 
and turnings of the arteries at the base of the cranium, and la con- 
ducted thence through the brain mass to the surface. With the 
cerebral murmur is often combined a curdiac-systoUc carotid murmur 
(Jnrasz). Brain-murmur is ikslitute of any diagnoatic importance ; it 
is present in children both in health and disease. 



2. Murmurs in the carotid and subclavian arteries are also 
yery frequently of more central origin, being propagated into 
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these Teasels from the orifice and initial portion of the aorta '. 
murmurs from other parts of the heart never reach the vessela 
named, or if in exceptional cases they do they are of very feeble 
intensity. When such arterial murmurs coincide with the 
diastole of the heart the inference is unavoidable that they pro- 
ceed from the aortic orifice, aa in the carotid and subclavian 
arteries the generation of a murmur of cardiac-diastolic rhythm is 
impossible, the necessary physical conditions being there wanting. 
This explanation finds ample confirmation in the results of 
auscultation of the aortic orifice ; the diastolic murmur caused 
by insufficiency of the aortic valves is observed to be loudest in 
this situation. But should the diastolic murmur be soft and faint 
in character at its starting-point it may not be recognisable even 
in the large arteries, in which case, of course, nothinj; whatever 
is heard in the carotid artery during the cardiac diastole. — Those 
carotid and subclavian murmurs also which are synchronoOf 
with the cardiac systole are very frequently of central origin, 
being directly propagated from the aortic orifice (when it is the 
seat of marked narrowing or is partially obstructed by very 
rough growths, in cases of atheromatous degeneration and of 
aneurism of the aorta), and this transmission of aortic systolic 
murmur takes place with much greater regularity than is the 
case with diastolic murmurs, the former being carried along 
with the blood-stream towards the periphery, the latter (which 
are caused by the regurgitation of a quantity of blood from the 
aorta into the left ventricle) tending rather to pass backwards 
towards the heart. 

3. By exercising moderate pressure with the stethoscope 
artificial mmTiiurs may be produced in the arteries, — ^the carotid, 
subclavian, femoral, and (rarely) the brachial. They give to the 
ear the impression of a short blowing murmur synchronous with 
the pulse, often of great intensity in the larger arteries, such as 
the carotid and subclavian. In auscultating the apices of the 
lungs pressure-murmurs of this kind are often heard ; on re- 
lieving the pressure they disappear at once. Very slight pressure 
is enough to elicit them, especially when the velocity of the 
blood-current is increased as the result of excitement of <Jie 
heart's action. The femoral artery also, on account of its 
proximity to the surface, is equally favourably placed with the 
carotid and subclavian for the development of pressure-murmur. 
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Afl already explained, artificial mummra owe their existence to 
distorbance of tLe blood -stream (oscillation of the particles of 
the circulating fluid), inasmuch as tho blood- wave passes from 
a relatively wide channel into one which, at the point of com- 
pression, is relatively narrow. 

A douhU murmur, odo division of which ia asaociatcd with the exput- 
sion of the artery and the other with its contraction, may, but only in 
persons snflfering from positive diseaae, be generated by pressing upon 
and nearly closuig the arteries. This double murmur is observed most 
often in iho femoral artery, much more seldom in the axillary, brachial, 
or popUteal. It was first noticed by Alvarenga da Costa, in insafiictency 
of the aortic valves, and has been declared by Dorozie;: to be absolutely 
pathognomonic of that valvular lesion. It is true that the doable 
arterial murmur is a very common and characteristic sign of aortic 
insnfficiency, occurring, in my experience, in at least one-third of the 
ea«eB, but it docs not appear exclusively in connection with this affection , 
being occasionally met with in various other morbid conditions, — a fact 
which Durozies: himself has pointed out ; thus, Friedreich detected it in 
chronic endarteritis of the aorta and of the large arterial trunks, in 
aneurism of the aorta, in hypertrophy of the left ventricle from con- 
traction of the kidneys, in typhoid fever, &c. The first murmur, that 
which is coincident w^ith the pulse in the femoral, is, as above stated, 
caused by compression of the blood-wave as it travels towards the 
peripherij, the second by compression of the bacltward wave which, in 
aortic insufficiency, retuma towards the heart. 






Venous Murmurs. 



Venous murmurs occur almost exclusively in the internal 
jugular vein ; when very loud, also, but only then, they may be 
audible in the intrathoracic venous trunks with which the jugulars 
communicate (the innominate veins and the superior cava), and 
now and then in the femoral veins. They are observed not un- 
frequeutly in perfectly healthy persons, but in them attain only 
a moderate degree of intensity ; they are loudest in aticemic 
patients, especially in cklorotic fevmlcs. 

On auscultating low down in the hollow between tho two 
sternal portions of the sterno-mastoid muscles, where the lower 
end of the internal jugular vein, a saccular dilatation known as 
the hulbuH, is situated, a persistent continuous murmur is heard 
in anscmic subjects. This is sometimes of a soft, blowing or hum- 
ming character, at other times it is loud and hissing or roaring in 
fjuality, not unlike the noise made by the wind in the chimney 
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loader the murmur, the slower the current the feebler the murmar. 
Venous murmurs are intensified in the following conditions. 

1. liy turti'mg the haul towfirds the oppnaite side. If the 
murmur be audible even while the patient holds the head erect 
and looks strftight forward, the augmentation on turninff is very 
striking ; the examiner, accordingl}', frequently avails himself of 
this device to render louder such murmurs as are feeble and 
doubtful in chai-acter. The intensification of the bruit, so brought 
aboutr is due to the circumstance that on rotating the head the 
cervical fascia and muscles, especially the omohyoid, on the side 
under examination, are put on tho stretch and the jugular vein is 
compressed and narrowed. The normal, physiological difference in 
the calibre of the upper part of the vein and its bulb{the latter being, 
as already indicated, attached on all sides, and so made incapable 
of undergoing any diminution in capacity) is thus rendered still 
greater, and the most favourable conditions are established for 
giving to tho blood-stream that spiral direction which is requisite 
to the production of the venous murmur. — In the great majority 
of individuals this proceeding usually developes a faint murmur, 
sometimes even ono of a considerable degree of intensity, which 
is quite inaudible whUe the head is kept erect and not turned to 
ODO or other side. Such artificial murmurs must be carefully 
distinguished from those which are heard when the muscles and 
other structures on both sides are in an equal state of tension, 
and which are very seldom observed in the healthy subject. 

2. By acceleration of the outflow of Mood from the juguhvrs. 
The influence of this acceleration of the blood-current is seen in 

the facts that the venous murmur is louder while the patient sits or 
stands, than when the recumbent posture is adopted, and that 
augmentation of the munnur is noticed also in deep inspiration, 
and enfeeblement of the murmur in forced expiration ; inspiration 
favours the efflux of the venous blood, expiration retards it. When 
respiration is suspended for a few seconds the pressure on the in- 
trathoracic venous trunks is increased, and the escape of the blood 
from the jugular veins rendered slower and more difficult, the cur- 
rent through the vessels is almost arrested, the condition on which 
the whirling movement of the blood depends is thus practically 
removed, and the murmur consequently becomes feebler, and under 
certain circumstances is nearly abolished. 

The effect produced by placing the patient on his back^ by 
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forced expiration or by suspension of the breathing, is obtained 
more rapidly and perhaps in a more striking form by exercising 
pressure on the dilated lower end of the jugular vein, as above tho 
point of compression the vosael becomes engorged with blood, and 
distended to such a degree that circulation through it ceases. In 
the same way, by pressing on the vein with the stethoscope, alter- 
nately firmly and gently, the hum may be augmented or diminished 
in intensity at pleasure ; it is therefore above all necessary to the 
detection of the less marked venous murmurs to bear as lightly 
as possible on the vessel. 

The bruit de diable in the rlf}ht jugular is very much louder 
than that iu the left, and from two causes : in the first place, the 
dilatation at the central end of the vessel is greater on the right 
than on the left side, and is accordingly more favourable to the 
production of the eddy-like commotion of the blood-stream; 
secondly, the blood flows out of the right jugulaj vein faster 
than out of the left, as the former opens into the right innomi- 
nate vein in almost a direct line, while the latter, in joining tbe 
left innominate vein, forms with it an appreciable angle ; and 
further, the somewhat wider right innominate vein also passes in 
a direct line into the vena cava superior, while the left inno- 
minate crosses from the left to the right side to debouch into the 
BAme venous trunk. The venous murmur is therefore often 
heard on the right side as far down as the level of the first rib, in 
the region corresponding to the innominate vein ; at the symme- 
trical spot on the opposite side, however, it is no longer audible. 
— Occasionally, nevertheless, the murmur on the left side is as 
loud as, or even louder than, that on the right, though why it 
should in these cases be of such unusual intensity is not generally 
very obvious. 

3. The movements of the heart aflfect the intensity of the 
venous hum to a much less marked degree than the conditions 
already mentioned. In accordance with the laws of physiologj' it 
is to be expected that the murmur should be weaker during the 
systole of the heart, as the outflow of blood from the jugulars into 
the intrathoracic veins is then to some extent impeded, and louder 
during its diastole, as the current of blood is favoured at this 
period of the cardiac cycle. This diastolic intensification of the 
murmur is iu fact generally observed when the diastole does not 
happen to coincide with au expiration, which would tend to neatra- 
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Use its indaence; the systolic decrease in tbe loadness of the 
murmur, on tlie other baud, is not so often demonstrable. There 
is, nevertheless, generally noticed during tbe systole an apparent 
augmentation of the murmur, tbe latter being reinforced by tbe 
sound of tbe carotid pulse. On eliminating and leaving out of con- 
sideration the senaory impression raised by tbe arterial pulse, and 
concentrating tbe attention solely on the venous bum, it will be 
found that tbe bruit is not really intensified during tbe cardiac 
systole. 

It follows from the description just given of tbe coutinnous 
venous murmurs that they show a constant variation in intensity, 
a variation, however, which is characterised by no definite rbjlbm, 
as tbe factors which exercise most influence on the circulation 
through tbe jugular veins (the respiratory and cardiac movements) 
do not always work together, but, being only occasionally coin- 
cident, are at one time favourable, at another antagonistic to each 
other in their operation. 

Continuous venous murmurs of a certain degree of intensity 
are also aLmoat always perceptible to the finger placed on tbe 
skin above tbe clavicle, as a distinct tkr'dl {fremissement of the 
jugular veins). This vibration ia not constant as regards in- 
tensity, but ia often interrupted by numerous short pauses, only 
tbe more energetic of tbe movements of the blood-stream in the 
veins being then felt. 

I Intermittent venous munnur is of rarer occurrence than the 
continuous murmui*8 which have been described. It has the 
same blowing character, but is very much feebler. It appears 
when the velocity of the current through the jugular veins ia 
increased, (when, therefore, one of the conditions favourable to 
tbe generation of a murmur is present), that is, during inspira- 
tion or during the cardiac diastole. When inspiration and 
diastole occur together the murmur becomes still louder, but 
when the diastole coincides with expiration the accelerating 
influence of tbe former on tbe venous circulation is counteracted 
by the retarding influence of the latter, and consequently no 
murmur may be heard. A diastolic venous murmur, therefore, 
often disappears on suspending respiration. This serves to dis- 
tinguish it from a cardiac-diastolic carotid murmur, as tbe latter 
continues unabated in intensity even when the patient holds his 
breath ; the venous muxmui*, moreover, has not the well-defined 
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tlius thrown into commotion is driven ont througb the bronchus 
with which the cavity communicates. Such a murmur therefore 
arises from sahstantially the same ph^'sical causes as the bruit de 
pot fiJlc. — During the cardiac diastole the air is readmitted into 
the cavity, its retarn, however, being attended by a murmur of 
but very feeble intensity. The effect of suspension of the respira- 
tion on pueumo-cardiac murmurs is very variable ; they are some- 
times decidedly weakened, occasionally almost abolished, and at 
other times in no way perceptibly affected. 

2. Certain systolic murmurs which are sometimes heard in the 
pulmonary artery when the upper part of the left lung is to some 
degree contracted and consolidated as the result of chronic pneu- 
monic infiltration. The shrunken tissue in such cases grasps 
and compresses the main trunk or one of the larger branches of 
the pulmonary artery, so that tho passage of the blood through 
the constricted part of the vessel gives rise to a systolic murmur. 
In certain circomstances also a diastolic murmur may be pro- 
duced in connection with regurgitation of blood taking place in 
tho period of contraction of the same artery. — These pulmonary 
murmurs are occasionally limited in distribution to a small area 
in the second left intercostal space, when they may also be asso- 
ciated with an appreciable thrill, or they may be audible over a 
considerable portion of the upper segment of the thorax. 

Immermann has pat on record « case of this kind, in which both 
princi|tid divisioDa of the polmoaary arterr and their primary sob- 
divisioos were constricted br cicatricial contraction of the laog-tissue ; 
during Ufa a syslolie puhiMMiary mozmor was heard over the whole 
«pp«r put of llm long, botk in front and behind. Simifao- caaee have 
b«eo described bj BetleftwwBi, Heller, Aafreekt, and others. 

Quineka has drawn aklaalkm to two oUmt ipedal eaoaaa of systolic 
f m h m vm m n mmrmmr; 1, an absence of due proporiion between the 
«ilibi« of tbf* palnwnMy *iXerr and that; vt its eonoa arteriosaa; 
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\me time thrust against the frame worli of the thorax and flattened, 
whilst the coaua arteriosus suffers no Buch change in shape when the 
heart contracts ; the spiral direction is thus given to the hlood-curreat, 
and a marmnr is the result. 

3. There are other systolic murmurs observed at various parts 
of the thorax, wbicli cannot be traced to the main trunk of the 
pulmonary artery, as in the region of the pulmonary orifice both 
sounds are clear and pure, but which, seem rather to take their 
rise in the larger subdivisions of the vessel, when these are the 
seat of a certain amount of dilatation. 

Bartels has reported several caaea of phthisis in which a murmur of 
this nature Kas audible, not on the diseased aide of the chest, but over 
a large portion of the sound lung, while the heart-sounds were at all 
points absolutely normal. It arose presmuablj in dilated branches of 
the pulmonary artery, was intensified by expiration, and poBsessed 
generally all the distinctive characters of a genuine arterial murmur. 
Over pulmonary cxcavationB, also, systolic murmurs have been heard, 
which proved to be due to the fact that the cavities were traversed by 
a branch of the pulmonary artery isolated by tho breaking down of the 
long-tissue (Schrutter, Ac). 

In the ^uhdiiviiiH artery, immediately under the clavicle, short 
hloicing murmurs are sometimes observed, synchronous with the 
cardiac syatok, and this notwithstanding that the circulatory 
apparatus may be in all respects intact and that every care is 
taken to press as lightly as possible with the stethoscope. They 
are in no way connected with those subclavian murmurs which 
accompany murmur in the carotid (see p. 304, et seq.}, but are con- 
fined strictly to the parts mentioned; they are further distinguished 
from the gi'oup of murmurs described on the pages just referred 
to, by being audible in only ont^ subclavian artery, not in both. 
They are by no means common, but occur most frequently in 
cases of chronic pneumonic induration of the apex of the lung. 
When inspiration and tho systole of the heart coincide with each 
other these murmurs are usually rendered much louder. Their 
mode of origination is probably essentially the same as that of the 
systolic pulmonary murmur, that is, they may be attributable to 
compression of the subclavian artery by contracting lung-tissue, 
or perhaps to drugging on the arterial wall, and consequent 
diminution of the calibre of the vessel, by adhesions which may 
have been formed either between the costal and visceral layers of 
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the pleura near the apex of the long, or between the outer surface 
of the pleural sac and the artery (Friedreich). 

According to many English authors (Fuller, Fahner, Bichardson, and 
others) the sabclavian murmur is a phenomenon of not unfrequent 
occurrence ; possibly, however, they have reckoned as belonging to 
this class some of the above-described murmurs which are not proporly 
speaking to be regarded as subclavian, that is, those which are not 
limited strictly to the subclavian artery of one side. The true 
subclavian murmur has been found by Weil ouly six times in 600 cases, 
and I, though for several 'years I have watched specially for this sign, 
have recognised it in only three cases (of phtlusis) ; it was always 
capable of being greatly intensified by pressure with the stethoscope. 
—It is now known also not to be invariably connected with disease 
of the apices of the lungs, being occasionally heard when the whole 
respiratory apparatus is perfectly sound. 
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Inspection of the Abdomen. 

Diseases of tho abdominal organs are generally recognisable by 
simple inspoction only when they occasion some evident change 
in the volume and shape of the abdominal cavity. As this 
alteration in size takes place in but a few of tho many abdominal 
diseases, and in these only nnder special conditions, inspection 
is divested of much of its importance as a method of investiga- 
tion when applied to the examination of the parts within the 
abdomen. To ensure accuracy also the signs which it elicits 
should, as a i-ule, be checked by palpation. 

The most common change observed in the si^e of the abdo- 
minal cavity is enlargement. 

When this is slight the determination of its actual existence 
is not always an easy matter. The normal dimensions of the 
abdomen vary within very wide limits. In those whose customary 
diet is more of a vegetable than an animal nature, in those who 
habitually eat to excess, in drinkers, and sometimes also in 
individuala who are in all respects strictly temperate, distension 
of the bowel and undue development of fat may, as our daily 
experience teaches, combine to produce a degree of prominence 
such as is seen in other cases only as the result of consider- 
able ascites or decided increase in the bulk of some of the 
abdominal organs. Nevertheless, the presence of patholofjical 
increase even of a less marked character is also usually indi- 
cated by other easily-appreciated signs. Thus, the morbid 
processes which give rise to swelling of the abdomen modify 
also the whole aspect of the patient ; they lead to more or 
less emaciation and to changes in the colour of the skin (often 
to pallor of the surface, or to a cyanotic or yellow, jaundiced 
hue, according to the precise nature of the original disorder). 
In such cases the contrast between the bulky abdomen and 
the lean chest and body generally, becomes very striking. — 
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Not nnfreqaentlj pathological enlargement of the abdomen is 
accompanied by other anomdies which owe their existence to 
the same canses ; of these may be mentioned distension of the 
superficial abdominal veins, cedenia of the inferior extremities, 
&c. 

Bulging of the abdomen may bo partial or general. Partial 
enlargements are most commonly due to increase in size of 
certain of the subjacent organs, — the liver, spleen, uterus, 
ovaries. Undue prominence on the riyhi side is usually con- 
nected with the liver, the exact form and outline of which can 
often be easily made out, when the integumentary coverings are 
thin and flaccid, and more especially when the parts are viewed 
from the side, in profile. But hepatic tumour may assume snch 
enormous proportions, as in many cases of carcinoma, hydatid 
cyst, and amyloid degeneration, that the projection which it 
makes on the surface is no longer merely local or partial but 
may involve the greater part of the abdominal wall. 

Very marked hypertrophy of the spUcn (from leuka?mia, 
amyloid degeneration, intermittent fever, &c.) elevates the tissues 
in the h'ft side, and on lateral inspection the anterior inner 
border of the organ may fref[uently be traced ; occasionally the 
splenic enlargement dependent on leukfemia is of such a size as 
to occupy almost the whole of the abdominal cavity, and to raise 
its walls nearly equally at all points. 

Dilatation of the ittomach gives rise to a uniform, somewhat 
oval-fihaped swelling in the epigastric region, passing a little 
towards the left, under the ribs and so beyond the superficial 
boundary of the abdomen ; if the dilatation be excessive, as 
in a case which I witnessed, the tumefaction may be general, 
the whole abdomen being rendered tensely prominent. If the 
distension, however, be not cansed by air, but by some other 
medium, there may be no appearance of unusual projection of 
the parts mentioned. Occasionally in a stomach so affected 
peristaltic movements, 8|)ontaneous or of reflex character (ex- 
cited by rubbing the epigastrium briskly with the hand), are 
seen travelling from left to right, towards the pylorus ; by 
following these movements closely a truer conception of the 
dimensions and shape of the organ may generally be formed 
than is possible even by palpation and percussion, — in some cases 
indeed its outline becomes in this way so distinctly visible that 
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it may almost be mapped out on the akin. — Cancer of the 
stomach, which affects most freqaently the pyloric end, manifests 
itself externally, when the tumour is moderately large, as a 
circumscribed elevation in the epigaatrium ; it must bo borne in 
mind that a similar protrusion is caused by cancer of the left 
lobe of the liver. 

Diseases of the intestine yield very few diagnostic data to 
inspection ; largo faecal accumulation in the colon, when it pro- 
duces any very considerable degree of distension of the bowel, 
forms an elongated and often movable tumoar in the right or 
left iliac region. 

In persons of spare habit it Is often possible, by simple friction 
of the abdominal surfuce, to excite or intensify the peristaltic 
movements of the intestine and so to bring them clearly into 
view. When the intestinal tube is narrowed by a stricture peri- 
staltic movements are seen only in that portion of it which is 
above the contracted part, if it be tensely swollen and apparently 
loaded by a stagnant accumulation of intestinal contents, and 
not in the part beyond the obstruction. 

Tuiwmrs of the omentum (carcinomatous, hydatid, &c.) some- 
times attain to enormous dimensions, but are seldom so limited 
as to involve that structure alone ; they are generally compli- 
cated by the presence of similar morbid changes in the liver and 
other solid organs, or they contract adhesions with these organs, 
the result of which is that the projection of the abdomen is not 
confined to the anatomical area representing the omentum. 

Tumours of the utenis, physiological [pregnancy) and patho- 
logical {Jibromyoma, &c.), so long aa they are not of unusual 
•use, keep generally to the middle line of the abdomen. 

Tutnours of the right or left ovari/ first make their appearance 
low down in the abdomen, in the region correspondiug to the 
anatomical site of the organs, to one or other side of the median 
line. Subsequently, when they become of considerable magni- 
tude, they may present a swelling, moderately uniform both in 
outline nnd surface, of the whole lower and upper segments of the 
abdomeij, su ihut by mere inspection it is often impossible, and 
even with the aid of palpation it remains difficult, to determine 
whether they have sprung originally from the right or left ovarj'. 
As a rule the ovarian tumour is movable ; when the patient 
thereforo turns to one side it seeks the more dependent parts of 
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the abdominal cavity, and there renderB the integument still 
more tense than before. 

Among diseases of the kidneys, cancer and hydronephrogis 
form at first Bmooth or irregjular swellings in the lumbar region, 
which afterwards, on developing etill further, extend to the 
front of the abdomen in the right or left bypochondrium, or even 
to parts more remote. A didncnttfd (movable) kidney is occa- 
sionally, though rarely, appreciable by inspection, when it is 
seen as a flattened, roundish elevation of the tissues. — The 
bliiddcr, when distended with urine, projects in the median line 
of the abdomen, making there an oval- shaped tumour reaching 
upwards to a variable point according to the quantity of urine 
retained. 

In the foregoing paragraphs have been discussed only the 
more common of the diseasea of the abdominal organs which 
give rise to partial, localised swellinga recognisable by inspection. 
A fuller consideration of ail those abdominal affections which at 
times present similar signs would lead us into the domain of 
descriptive, systematic medicine, which is beyond the scope of 
this work. Suffice it therefore to direct attention generally to 
the large, encysted peritoneal exudations, to the various new 
formations in the different organs and tissues of the abdomen, to 
the cysts, extravasations of blood, abscesses, hernije, ttc, which 
sometimes at one part, at other times at another, reveal their 
presence e.\temal]y as visible tumourSj and whose true nature 
and connection with the several organs con be satisfactorily 
demonstrated only by means of palpation, percussion, and above 
all by the closest scrutiny of the general health and of the 
history of the origin and course of the disease, — but which, even 
after prolonged and careful observation, frequently remain 
wrapped in an obscurity which the most skilful examiner fails to 
penetrate. 

Uniform, general intumescence of the abdomen, apart from 
the somewhat rare cases of great enlargement of certain of 
the abdominal organs (mentioned above), is produced most 
commonly by the presence of some tibnormal material in the 
peritoneal snc (usually fluid, more seldom (/as) or by distension 
of the bowel by gfis (raeteorisni), 

"WTien the peritoneum contains fluid, a condition which is 
named ascites, the smooth, uniform tumefaction of the abdomen 
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undergoes some striking modifications on cLanging the position 
of the patient ; when he lies on one side the prominence lessens 
or disappears in the uppermost flank but becomes more marked 
in the parts which are nndermost ; in the npright position the 
bulging is most obvious in the lower half of the ahdontien, and 
when decubitus is dorsal the swelling projects less forward and 
gains in breadth. All these alterations depend on the move- 
ments of the fluid, which invariably seeks the lowest level in the 
abdominal cavity, — Only when tho quantity of fluid is excessive, 
when accordingly the abdominal parietes are at all points in a 
state of extreme tension, is there no variation in shape notice- 
able on changing the patient's attitude. — In cases of intestinal 
meteorisra, and when the peritoneal sac is filled with gas, the 
nniform enlargement of the abdomen is unaffected by the posture 
of the patient ; this therefore is a point by which those con- 
ditions may be distinguished from ascites. 

In cases of very abundant peritoneal eflusion the skin over the 
abdomen exhibits a shining, anaemic, whitish blue coloration, 
and at those parts where the stretching of the integuments is 
greatest are seen white lines, such as those which occur in 
pregnancy, due to the separation of the tissue elements of the 
coriam. 

In the umbilical region, and radititing from it both upwards 
and downwards, blue-coloured venous plexuses are often observed, 
which belong to tho widely-dilated epigastric and mammary 
veins. The widening of these vessels is always a sign of 
engorgement of the portal vein and of the whole portal system, 
and an indication that on account of this venous stasis a portion 
of the blood which should pass through the Hver finds its way 
by collateral branches into the superficial abdominal veins. This 
sign is associated chiefly with cirrhosis of the liver, being caused 
by the compression of the ramifications of the portal vein which 
takes place in that affection. Should there also be any obstacle 
to the return of tho blood through tho vena cava inferior, as 
from obUteration, compression by tumours, all the superficial 
abdominal veins, and still more those of the lower extremities, 
are increased in calibre j cndema is then also generally present. 

Diminution in volume {dq>res8ion) of the abdomen usually 
affects equally the whole of the abdominal canity ; it is not 

Y 
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peculiar to any one disease of the organs, but is ordinarily to be 
regarded merely as one of the concomitant sifjns of the general 
emaciation which attends the various consamptive disorders. It 
is also observed when the bowel is almost or entirely empty, as 
from stricture of the oesophagus, cancer of the pylorns, stenosis 
of the upper part of the intestinal canal. Emaciation from these 
causes is commonly accompanied, particularly in children, by 
other phenomena which are equally characteristic of a lowered 
state of nutrition of the skin, such as loss of elasticity and free 
desquamation (pityriasis). 

In the basilar meningitis of children a boat-shaped depression of tbe 
surface of the abdomen is generally seen, caused by tbe contraction of 
the muscular coat of the intestines, from irritation of the nerrona 
centres which govern the movements of the bowel. 

Not nnfrequently the examiner may obtain important informa- 
tion by noticing the movements which are communicated to the 
contents of the abdomen by the act of respiration and the action 
of the heai-t. Thus, large tumours of the liver and spleen sink 
into the abdominal cavity in inspiration and rise in expiration ; 
in the case of the liver, indeed, the whole of its sharp lower 
border may bo distinctly discernible during respiration. The 
movement given to the diaphragm by the action of the heart is 
frequently manifest to the eye when there is a large free eflfusion 
in the peritoneal sac, the impulse passing onward through the 
fluid, and making itself visible as a superficial wave which 



appears and disappears with great rapidity. 
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^His is a method of examination of the first importance in the 
investigation of abdominal diseases. It enables us to determine 
the size, form, consistence, and eituation of the various organs, 
and discloses the SKigteuco of teudernese to BupcrScial or deep 
pressure, the presence of any aLuormal body or substance in the 
abdominal cavity, &c. The information bo gained, it is trae, is 
only of a general character, it reveals simply the phifskal con- 
dition of the parts and not the exact nature of the diseases by 
which they may he affected ; but it constitutes tho groundwork 
on which the further diairnosia rests, a more complete or par- 
ticular understanding of the case in hand beiuf^ possible only on 
taking into cousideration the other symptoms presented by the 
patient. 

In another ckss of cases, especially of abdominal tumour, 
diagnosis is rendered exceedingly difficult or becomes at best a 
matter of some uncertainty, when tho organ from which the 
tumour springs undergoes alteration in form or anatomical situa- 
tion, or when tho starting point of the growth can no longer he 
positively made out. In many other diseases also, which give 
rise merely to physiological, functional disturbance, hut to no 
deformity, displacement, or change in the dimensions of the 
organs, palpation yields no indication of any value from a 
diagnostic point of view. 

Palpation is most conveniently practised when tho patient is 
kid on his hack or, occasionally, on one or other side ; if the 
tension of the abdominal walls prove a serious obstacle to its 
proper performance the thighs should he flexed on the body, 
though even this expedient is not always successful in accom- 
plishing the object intended. The great difficulty to bo over- 
come, apart from that presented by the varying thickness of the 
subcutaneous layer of fat, is the tension of the abdominal 
muscles, particularly of the recti. The examiner should ho 

y2 
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familiar with the general auatomical relations of theso muscles, the 
manner and direction in which their fibres are disposed, and the 
rosistauce they ofler when grasped between the fingers, to guard 
him from error when dealing with disease. — Palpation is easiest 
in emaciated individuals and in women who have borne seTeral 
children. 

When the abdominal organs- are in their normal condition the 
hand meets with no unusual resistance when applied to the 
surface ; all parts of the abdomen give a uniform feeling of 
softness, except those corresponding to the recti muscles, and 
the epigastrium (from the presence of the left lobe of the liver), 
where a slightly greater degree of resistance is encountered. By 
pressing deeply in the middle line the pidse of the abdominal 
aorta is felt, and fre(]uently also the vessel itself and close to it 
the vertebral column ; even the coils of the intestine may he 
diftinguished when the abdominal coverings are sutilciently lax. 

Palpation of the Liver. 

In men the presence of the liver under the margins of the ribs, 
when the organ is of its natural size, is indieated merely by 
an increase in the resistance to pressure in deep inspiration; it 
is only when the abdominal parietes are unusually thin and 
flaccid that its edge is detected with the hand. In women, 
especially such as have been several times pregnant, the softness 
and looseness of the supcrEcial tissues facilitate the exploration 
of the parts beneath the arch of the ribs and permit the more 
ready appreciation of the inspiratory descent of the border of the 
liver. 

The extent to which an enlarrjed liver is accessible to palpation 
depends on the distance to which it projects beyond the margin 
of the ribs into the abdominal cavity, occasionally only its sharp 
edge, at other times a considerable portion of its surface, coming 
within reach of the finger. In extreme cases of enlargement the 
liver may till up a largo part, sometimes even the whole of the 
abdomen. The greatest amount of swelling of the organ is 
observed in carcinomatous degeneration, the increase in size 
being usually slightly less in amyloid degeneration and hydatid 
cystic disease ; the less marked degrees of enlargement occur in 
cases of retention of bile, passive congestion (as that due to 
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mitral lesion), fjatty infiltration and parenchymatous hepatitis.-^ 
The palpation of an enlarged liver, both of its borders and 
surface, presents little difficulty, as the whole extent to ■which 
the organ is increased in volume ig readily detected, provided 
there he no unusual tension of the abdomen, such as often 
results from ascites. — Palpation further determines tho presence 
or absence of sensibility or pain in the liver, the consistence of 
the organ, and the condition of its surface and edges. 

Pressure on the surface of the liver toay be painful or painless. 
A certain amount of pain to pressure is frequently associated 
with the swelling arising from retention of bile (in duodenal 
catarrh, &c.) and with all inflammatory conditions, though it 
is most characteristic and most severe in malignant disease. 
According as the cancerous nodules are scattered on the surface 
of the liver or are situated more deeply in its texture, the pain 
is elicited by applying the hand lightly or with firmness and 
force ; it occurs spontaneously also, and is almost constant 
throughout the whole course of the disease.^ — Spontaneous 
paroxysmal pain of extreme severity is felt in the iip|>er abdo- 
minal region in cholelithiasis. 

Hepatic pain originating spontaneously and aggravated by 
pressure, is always a valuable indication of liver-disease in 
general, and ia of service also in distinguishing between painful 
and painless affections. Fatty liver, amyloid liver, and hepatic 
hydatid growths are painless to palpation. 

The surfttcc of the enlarged liver may be perfectly smooth or 
rough and nodulated, the irregularities by which it is marked 
consisting either of slight elevations alternated with shallow 
depressions, or of tumours varj-ing in size from the bulk of a pea 
to that of the closed fist. — The surface of the liver is smooth in 
aU acute and chronic enlargements connected with hypersemia, 
biliary engorgement, and fatty and amyloid degeneration ; it is 
irregular when the organ contraets in the later stages of cirrhosis 
(granular atrophy) and in interstitial gummous hepatitis ; nodu- 
lation, — the presence of small rounded elevations or tumours, — is 
characteristic of carcinoma, and occasionally also of hydatid 
disease. 

If the hepatic cancer be of the diffuse variety, canceroaa infiltration, 
the surface of the liver is free of such nodular excrescences. 

In cases of hydatid disease there are often felt on tho surface of the 




326 



A HANDBOOK OF PHT8I0AL DUGKOSIS. 



liver geveral smooth projections of moderate eize, wliich offer only slight 
resistance to the finger ; but till the stage of the disease arrives at 
which the surface of the organ is distinctly bulged outwards by the 
vesicles the diagnosis amounts merely to a probabihty, and depends 
on the careful exclusion of all other causes of hepatic enlargement. 

The enlarged liver is of a variable degree of consistence. 

In acute swellings, such as arise from inflammation or reten- 
tion of bile, the organ is slightly softer to the touch than the 
chronic enlargements and degenerations. Among the chronic 
degenerations (leaving out of consideration the cirrhotic liver, 
which is the hardest of all, hut which need not be noticed here, 
as it contracts to loss than its normal size and is therefore not 
reachable by palpation) the amyloid liver is the most dense, the 
fatty Uver being somewhat less firm. When the distinction 
between these two conditions is not otherwise clear the con- 
sistence as revealed by palpation may he taken as a diagnostic 
criterion. 

Uniform enlargement of the liver causes no alteration in the 
general /onri of the organ ; but when the tumefaction is confined 
chielly to the right lobe, or more rarely to the left, the most 
diverse changes in shape are met with. These affect the whole 
mass of the liver aa well as its border, though the latter alone 
may be the seat of the greatest change, the rest of the organ not 
being involved, as, for instance, in cases in which echinococcus- 
vesiclcs developo in the margin of the liver. These hydatid 
growths and cancer (sometimes also syphilis) produce, on the 
whole, the greatest degree of deformity of the liver, the other 
hepatic diseases being generally attended by uniform enlarge- 
ment of the organ in all its diameters. — Whilst the breadth of 
the hypertrophied liver is usually easily and accurately deter- 
minable by palpation, and its breadth by percussion, only an 
approximate estimate of its thickness can be formed if that esti- 
mate be based simply on the amount of abdominal enlargement 
present ; the thickness of its lower part is more easily ascertained, 
particularly when a portion of its concave imder surface can be 
felt through the flaccid abdominal walls. 

A pecuhar sensation, known as " hepatic fremitus " was described 
by Brian^on, and some lime after him by Piorry, as characteristic of 
the presence of echinococci in the Hver. Tliey state that when a short 
sharp stroke is delivered with the finger on the echinococcus-tamour, 
which must have extended quite to the surface of the liver, a tremoloos 
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■eDsation is felt m the finger-tips of the other hand placed on the ekin 
close to the part percussed. That under favouring cuuditionB, i.e., 
over a hydatid tnnnjar of large size, forming a marked prominence on 
the anterior surfuce of the liver, such n phcnoraenon may be observed 
is undonbtedly trne, bat it is oIbo certain that in the vast majority of 
cases it is absent. Many of the assertiona made by authors regarding 
ihe occurreace of this sign must be set down to seli-deceptioa ; its 
comparative rarity is evident from Finsen's statement that he had not 
once detected it in 235 cases of ecMuococcus-liver that had come under 
his notice.* It is moreover the case that this sensation, which bears a 
very close resemblance to fluctuation, is not pecuhar to hydatid cysts ; 
it is felt over ovarian cysts and in cases of ascites, and even in parts 
containing no trace of fluid, — as when there is a hirgo deposit of fat 
tinder tlie soit lax skin of the abdomen. 

There remains to be noticed the sense of fluctaation, yielded by 
Uinje fu'palic abtceaes which reach the anterior surface of the Uver, — 
Affections which, in oar nortliem chmate, are exceedingly rare. 

The mere fact that the liver can be felt projecting from under 
the ribs, is not always to Le taken as un iudicatiou that it is en- 
larged ; in women who lace tightly it may be pressed do^vnwards 
till its edge protrudes 2 J — 5 ctm. beyond the margin of the ribs, 
or in aggravated cases descenda almost as far as the umbilicus. 
Downward displacement of the liver also occurs when the 
diaphragm is depressed by pulmonary emphysema, right pleural 
effusion or pneumothorax. In certain rather rare cases it sinks 
in the cavity of the abdomen from relaxation of its suspensory 
ligament ; when this relaxation, which may be caused by some 
intrinsic affection of the ligaments themselves, becomes excessive, 
and when to this is added other elements (such as severe labour) 
which tend to aggravate the original defect, the liver may hang 
downward.% even as far as the anterior superior ihac spine. This 

* I hare had. under obserradon thirteen caaea of hydatid difiease of the livar; 
amongst thOM w«te three in which the tumoun hud made their way to the sorfiice of 
the organ, and one la which &a enormous ma** of echinococcns-vesiclet was dx»charged 
through the umbiliciu, but in none of them could I discover any trace of the peculiar 
phenomenon under diBCUBaion. 

That a simple hypertrophy of the liver, when combined with a certain amonnt of 
■ofteningof the hepatic subetance, may closely Btmulate hydatid disease, waa strikingly 
demmatrated in a case which I had an opportunity of seeing. The patient apparently 
preaented the moat marked ngai of hydatid aScction of the liver. The diagnosis 
warned, to clear that some time aiterwords the proposal was made to puncture the cyst 
and eracnate its contents, but aa the patient was unwilling to submit to the operation 
nothing was done. At the examination of hia body after death absolutely no ecluDococci 
were found in the lirer. The swelling was due principally to an enormous hyperplasia 
of the interstitial connectlTe tissue. Tlio cause of the deceptive sen^e of fluctoatioa 
which waa so marked during life could not be discovered. 
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is described as movable or tcandcring liver ; only nine cases of 
this Ivind have hitherto been recorded. 

The differentiation of enlarged from displaced liver is effected 
by determining the npper border of the organ by means of 
percussion. If this be normal, and if the liver also extend 
downwards to some distance beyond the ribs, enlargement is 
clearly indicated. — It is not to be forgotten also that the liver 
may, in certain circumstances, be found to be both displaced and 
enlarged. 

Occasionally the gallMadder, fully distended with bile, presents 
itself as a pyriform, moderately elastic tumour, projecting slightly 
beyond the edge of the liver, u.sua]ly distinctly visible on the 
surface, but still more easily recognised by palpation, offering 
little resistance to the touch, and at times giving to the finger 
an uninistiikeable sensation of fluctuation. This tumour may be 
temporarily diminished in size by pressing upon it and cansing 
a quantity of the bile which it contains to flow out through the 
excretory ducts ; I observed this in a severe case of jaundice, in 
which the Jilat^'d gall-bkdder had produced a considerable, pear- 
shaped elevation of the abdominal wall. The situation of a 
bihary tumour of this kind at the part corresponding anatomically 
to the position of the gall-hladder, and the severe accompanying 
ictenis, render its recognition easy. — The gall-bladder is, in cer- 
tain exceptional cases, enormously distended with seroas fluid 
(dropsy of the gall-bladder), when it loses all trace of its original 
8hai>e and may occupy a large part of the abdominal cavity. 



Palpation op tete Spleen. 

The spleen, so long as it retains its normal dimensions, cannot' 
be touched with the palpating finger ; it is only in fiiU inspiratiou 
and when the abdominal coverings are unusually soft and yield- 
ing, that its anterior lower end may be felt deep in the left bj-po- 
choudriura. Palpation of the spleen is best accomplished diiring 
the respiratory pause, the finger-tips being thrust in under the 
left costal margin as the patient draws a long deep breath. 
When palpation ia found to be difficult or impossible in the 
dorsal recumbent posture the abdominal wall may be still further 
relaxed, and the examination thus rendered easier, bv iomini; 
the patient over on his right side. 

Even a slight degree of enlargement of i 
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of a long and full inspiration, appreciable to deep palpation, 
ihongh this is not alwa3-s indicated by an actual advance of 
its lower end but sometimes only by a well-marked increase 
of the sense of resistance. As the organ grows larger it takes 
np more and more of the abdominal cavity, extending obliquely 
downwards and inwards, toward the median line. In accordance 
with the laws of gravitation the direction in which the increase 
in volume of the spleen takes place is almost invariably 
downwards, upward displacemeat of the diaphragm from this 
cause being observed only when the tumour is of exceptional 
magnitude. 

The slighter forms of splenic enlargement are met with in the 
various infectious diseases, typhoid fever, typhus^ p^-temia, 
relapsing fever, small-pos, recent sj-pbilis, Ac, and in cases 
of obstruction of the circulation in the portal system, caused 
most usually by cirrhosis of the liver aud various cardiac lesions; 
even in these affections the spleen, though it occasionally swells 
to twice its natural size and often to a gi-eater extent, very seldom 
emerges from under the costal arch, bat is perceptible to the 
hand only in deep inspiration. Intermittent fever of long stand- 
ing, and amyloid degeneration, give rise to still greater enlarge- 
ment ; it is in leukftmia, however, that the most notable amount 
of hypertrophy is observed. In the last-mentioned affection it is 
not uncommon to find a splenic tumour of such dimensions that 
it fills half or even more of the abdominal cavity. 

Except in those cases of enormous enlargement just referred 
to the spleen, wheu hypertrophied, generally preserves its original 
form, the increase which it undergoes being nearly equal in all 
its diameters — its length, breadth, and thickness. Splenic 
tumours of irregular outline, bearing no resemblance to tho 
normal shape of the spleen, are exceedingly rare. The ana- 
tomical situation of tho enlarged spleen also corresponds 
generally with that of the organ in health ; its long diameter runs 
parallel to the curve of the ribs, taking a more diagonal direction 
than the transverse diameter. The thickness of the tumour 
may also be approximately estimated when its concave surface 
can be reached with the finger. 

'n-e notches or dt'presfiiims on the surface of a very much 

spleen may usually be distinctly felt ; the swelling of 

" a whole deepens them to such an extent that they 
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can be made out with the greatest precision. Generally there is 
only one large fissure on the spleen, and one, Bometimes two, 
rather smaller. In cases in which there is some difficulty in 
recognising whether the tumour is really spleen or not, these 
indentations become of prime impoi-tance as diagnostic signs, as 
they are discovered in no other Yariety of swelling than that con- 
sisting of the hypertrophied spleen. 

All splenic tumours of any considerable magnitude, reaching 
downwards some distance in the abdominal cavity, ai"e of firm 
coiisintcnce .- the leukemic, amyloid, and malarial forms are all 
more or less alike in this respect, or at least differ so slightly 
that their density offers little that is of value in a diagnostic 
sense. Those associated with acute diseases, on the contrary, 
never attain any very great size and are always of very soft 
consistence ; in typhus indeed they are even softer than the 
healthy spleen. 

The sur/aci: of all these tumours is smooth, or at most presents 
no marked irregularity. 

Palpation of tumours of the spleen gives rise to almost no 
pain, or, in exceptional instances, to only a Blight feeling of 
uneasiness. 

Finally, the spleen may form in the abdomen a distinctly 
visible and palpable swelling without at the same time necessarily 
being the seat of any enlargement ; it may be dislocated as the 
result of relaxation of its retaining ligaments, when it is caused 
to shift about from one part to another of the abdominal cavity 
with every change in the posture of the body, constituting what 
is known as movable or wanderintj spleen. As it commonly 
sinks so far tbat its upper end comes to be situated just under 
the border ofthe costal arch, and as, further, it lies so close to the 
surface that its general configuration is readily and accurately 
made oat with the hand, the diagnosis in such a case is easy.* 

* I bkTe seen three coses of movable apleen. In the first cue, that of a mui in 
hii thirtieth year, the spleen waa replaced and kept in position bj means of a bandage^ 
when, the paia, which had been till that time treated in various ways withoat auooett, 
and which was evidently caused by disturbance of the neighbouring organi by the 
ipJcen, immediately dJAappearBd.— In the second case, which occurred in the pexBon of 
a woman 48 years of ajje, the dislocated spleen lay in the left iliac region, just under 
the soft loose abdominal coverings; its whole outline, even its notch, could be 
distJapiiahed with perfect precision by palpation, and the organ could be moved 
About in the abdomen to a very considerttble extent. The dislocation bad o c cui tid 
suddenly, as the result of some violent physical effort, the patient at th« sama tine 
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The diagnosis of splenic tumour in general rests, as we have 
seen, on the indications, furnished by palpation, relative to the 
sitaation and shape of the swelling, the presenc-o on it of one or 
more indentations, and on the fact thai the tumour, lying under 
the left lower ribs, presents an area of percussion -dulness which 
is continuous superiorly with that of tho spleen. The precise 
nature of the tumour is inferred from the results of further 
Bxamination. It is obviously Icxihemic if any very considerable 
'increase in the number of tho white blood-corpuscles can be 
shown to exist," or may bo assumed to bo amidoid if the patient 
labour under any disease in which it is known that the organs ore 
liable to this form of degeneration (destructive changes in the 
longs, diseases of the bones, syphilis — in which the liver also is 
usually enlarged) and if, in addition, the ui'ine is found to be 
albuminous (amyloid kidneys) ; it may be regarded asotMalarinl 
origin if its appearance is preceded by chronic intermittent fever, 
or as due to congestion in those atFections in which circulation 
in the portal system is impeded (cirrhosis of the liver, &c.)— 

lietni; made oonscioiiB, by her senaatioDB, of the natiu« of the accideut that had 
befallen her ; the tamonr occasionallj gnve her iJight dull pain. The spteuic liiilaeag wu 
wanting in its normal eitaation, the pnlmanary perciiBftion-aound merging; directlj into 
the dear tjinpanitic sonnd of the integtinei. — In the third casie, that of a young woman 
who nffersd from angular and lateral caT7atur« of the ipine and who had been twios 
delirend of a child by ioatrumenta, the iipteen lay in contact with the flaocid abdominal 
Will a little aboTO the left iliac region ; the di«t)lacement waa aappoiied to have taksn 
place after th« Moood confinement, The tumour waa morahle within certain oarntw 
limita, and ita size and abapo were exactly definable by palpation. The most notable 
Hct in connection with this caae waa that the patient, detailing, perhaps, to become 
famoua as a pathological marrd, caused the spleen to be totally extirpated ; in fourteen 
dagra she bad recovered from the operation. She continued in good heahh for three 
month*, when the died from the effects of another operation — colfiorraphia posterior. 

• In normal blood there are abont flOO red eorpuncles to every white corpuscle, and 
in the field of the microooope, nnder n power of 3O0 diameters, it seldom happens that 
more than lu of the latter are seen acattered among tho closely packed and adherent 
red globales. la profound leuktcmia the proportion of colourleM corpustles to red 
risee to 1 of the former to Id, 6, or even 3 of the latter, and cases have been met 
with in which the number of the white globoles equalled or even exceeded that of the red. 
Even in the less ioteoAe forma of the affection the increace of the coloarlesa corpnaclea 
as compared with their rarity in healthy btood strikes tho eye at once. 

In splenic lenlciemia, i.e., in those cases in which only the spleen is swollen and not 
the lymphatic glands, the ooIootIbss oorpnsclea are found to be of large size and to 
contain several nuclei ; whilst in the lymphatic form of the disease, in which only the 
lymphatic glanda are enlarged, and not the spleen, the white corpuscles are small and 
gnmnlar, with solitary, relatively large nuclei. When, as ia very frequently the case, 
both spleen and lymphatic glands are swollen, both kinds of colanrlees coriniscles are 
iecn side by side. — The blood required for examination may be taken from any part of 
tbe body which ie most convenient, by making a alight scratch on the skin. 
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In certain not very numerous cases (of whicli I have seen four 
well-marked instances) a considerable enlargement of the spleen 
IB comliined with malignant swelling of the glands of the neck, 
axilla, &c. ; this varioly of splenic tumour is distinguished from 
that of leukiemta by the circumstance that it is not accompanied 
liy any augmentation in the number of the colourless blood- 
corpuscles. This condition has been designated splenic anamia, 
orpsendoleukiemift. — Hydatid disease of the spleen is rare, there 
being up to the present time but 26 cases recorded in medical 
literature, "When it does occur it may give rise to great deformity 
and enlargement of the spleen ; if the liver be simultaneously 
infested by echinococci, little doubt is loft as to the cause of the 
swelling, but when the parasites are lodged in the spleen only 
the principal guide to the true character of the tnmour is the 
discovery, on its surface, of a circarascribed spot of soft, elastic 
consistence to palpation — tho echinococcus-cyst. — Other tumours 
(carcinoma) are developed only secondarily in the spleen. 

Splenic enlargement can scarcely be mistaken for any other 
vftriety of swelling found on the left side of the body, from 
whatever organ or tissue it may spring, if due attention be paid 
to all the details of the examination. 

Palpation of the Stomach and Intestinal Canal. 

Palpation of the stomach enables us to detect pain or abnor- 
mal resistance to pressure in the epigastric region. Pain felt 
over a circumscribed area and aggravated by pressure, almost in- 
variably indicates gastric ulcer ; difl'use pain, on the other hand, 
occurring periodically, is obser^-ed in almost all diseases of the 
stomach, whether neuralgic or associated with tissue-changes in 
the walls of the organ, from simple catarrh to the gravest forms 
of malignant growth. The pain in the purely neuralgic affec- 
tions comes on in paroxysms ; starting from the epigastrium it 
radiates both to left and right and backwards towards the ver- 
tebral column, and is sometimes of a degree of severity such as 
is experienced in no other disease of the stomach ; occasionally 
also, unlike tho pain due to round ulcer of the stomach, it is 
relieved by pressure on the epigastrium. 

The new formations which are found in the stomach, usually 
of a. cancerous nature, are almost always in their advanced stages 
appreciable by palpation when, as is most usual, they have their 
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seat at the pylorus ; cancer of tho larger curvaturo of the 
stomach, a rarer variety of the disease, may also be feit with the 
hand, but that of its cardiac end or of the smaller curvature is 
too deeply-seated for examiuation with the linger. They generally 
form tumours of greater or leas size, of considerable density, 
painful both spontaneously and to pressure, occasionally Bharply 
defined from the neighbouring parts, at other times extending 
beyond the epigastric region and then often having intimate con- 
nections with the liver. But a painful epigastric tumour, per- 
ceptible to the touch, is not necessarily of gastric origin, — it may 
spring from the loft lobe of the liver ; the diagnosis of gastric 
cancer therefore is warranted only on observing the other symp- 
toms which point to disease of the stomach. — In some rare cases 
the tumour of the stomach is duo to hyperplasia of the muscular 
coat of the organ {myoma) or to sarcoma. These swellings, 
though usually small, may attain such dimensions as to con- 
stitute a distinct tumour in the epigastrium. — In pathological 
dilatation of the stomach the extent to which its greater cur- 
vature is displaced downwards may be demonstrated by passing 
a sound and feeling its point through the abdominal coverings 
(Leube), 

Diseases of the intestines do not frequently present signs 
which are appreciable by palpation. 

Large, hard, f cecal itccttmulutione in the intestinal canal are 
usuaDy felt on the right or left aide of the abdomen as irregular, 
movaltle masses ; their trao nature is apt to be mistaken, par- 
ticularly when, as occasionally happens, they do not disappear 
even on the administration of strong purgatives. — In cases of 
stenosis of any part of the canal the peristaltic movements of the 
bowel may be obsenred on, passing the hand over the abdominal 
wall, which in such circnmstancea is generally thin and emaciated, 
and on the surface of which the intestine stands out in elongated, 
rounded and firm ridges. These movements are set up by the 
irritation of the mass impacted above the constriction ; occa- 
sionally also they become apparent spontaneously, independently 
of the presence of any such cause of distension of the intestine. 

Of the many varieties of painful sensations, difl'eriug widely 
from each other in character and distribution, associated with 
inflammatory affections of the bowels, that most worthy of notice 
from the diagnostic stand-point is the ilcocacal pain cmmected 
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with infiamtnation of the ceecum, ttfphoid fever, and perforation 
of the proceasui vermiformis. If in the course of the latter 
affoction exudation takes place a semi-solid tumour is formed, 
tolerablj sharply defined from the ueifjbbouring parts, per- 
ceptible to superficial or deep palpation according as the amount 
of the exudation is great or small. 

The presence oi fintd in the gastro-intcatinal canal, — in the 
Btomach in cases of dilatation, in the bowel often as the result of 
simple catarrh or of Asiatic cbolera (in which the intestine is 
fretjuently loaded with an enormous quantity of fluid), — is 
marked by the occurrence of a loud splashing, which is not only 
felt but ia also distinctly audible, on pressing firmly and quickly 
on the abdomen (see p. tJTl). In typhoid fever this gurgling is 
generally limited to the ilcocEecal region ; the same symptom, 
however, similarly circumscribed, is occasionally noticed in 
catarrh of this part of the intestinal canal. 

The principal diseases to which the omentum is subject are 
tho various new formations, especially tuberculous and cancerooa 
degeneration ; the parts in which these changes have taken 
place are often felt through tho thin abdominal wall aa hard 
cord-like masses. Not uncommonly they give rise to tumours 
of groator or less size (fibroma, sarcoma, lipoma, carcinoma, 
hydatid and vascular growths) whose point of origin can be 
determined with certainty only when the neighbouring structures 
are not involved in the swelling ; but when this is the case, 
when the adjoining organs aro likewise enlarged and invaded by 
tho same degenerative process, the resulting tumour may be of 
such enormous size and so irregular in form that it is no longer 
possible to discover what share each part takes in its formation. 

Tumours of the pancreas and of the retroperitoneal glands 
may sometimes be detected by palpation. Those of the pancreas 
are rare, almost always of a cancerous nature, and very seldom 
primary or unassociated with similar changes in other organs ; 
they form in tho epigastrium hard, immovable or only slightly 
movublo tumours, which are evidently deeply rooted in the abdo- 
minal cavity. Under favourable circumstances the connection 
of these growths with the pancreas can sometimes be demon- 
strated during life, but a confident diagnosis becomes impossible 
when, as in most of the cases hitherto recorded, they are merely 
part of a general sweUing of the abdomen. This apphes also to 
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of enlargement of tho retroperitoneal glanda, which is 
occasionally primary, more often secondary, and developed in 
the course of very many of the general constitutional diseases. 

Palpation in Dibbases of the Peritoneum, and in oases op 
Accumulation of Fluid is the Peritoneal Sac. 

In diffuse peritonitis, whatever bo its cause, gentle pressore 
or even a light touch with the finger at any part of the abdomen 
causes the most acute pain ; in circumscribed peritonitis this 
extreme sensibility to palpation is observed only over the area 
aflFected. Cancerous degenerations of the peritoneum are cha- 
racterised by the presence of irregular nodules, always painful to 
pressure, which may be defined with the hand provided there is 
no over-distension of the abdomen with ascitic fluid ,■ tubercular 
degeneration and thickening are likewiso sometimes distinguish- 
able by palpation. 

The diflereutial dtagnosia between the conditions described is based, 
leaving out of consideration the great difference in the course of the 
two diseases, on tbe results of the examination of the other abdominal 
organs ; cancer of the peritoneum is found to be merely one manifesta- 
tion of a much more widely spread morbid pruccas, while tuberculosis 
of the peritoneum, on the other hand, occurs only iu the more advanced 
stages of pulmonary phthisis. 

Large quantities of free Jiuid t/t the peritoneal sac, — which 
eoDsist usually of transuded serum, more rarely of exudation, 
— give Q. Bensation of Jluctuaiion to palpation. On placing the 
patient on his back or in the upright position -and striking witli 
the finger of one hand on the abdomen, a sense of fluctuation is 
transmitted to the other hand laid flat on the abdomuial wall 
either near or at a distance from the part i>ercussed ; a distinct 
wave is also usually seen to pass over the surface. — The 
force of this wave depends on the quantity of fluid present 
and the consequent tension of the abdominal parietes ; if the 
latter be stUl flaccid, the amount of effusion being small, fluctua- 
tion may be quite wanting or appreciable only in the upright 
position, in which the fluid sinks to a lower level in the cavity 
and there renders tense the superficial parts. Further, if the 
effusion be scanty the undulatory sensation may be elicited only 
in the neighbourhood of the spot percussed, and not at mora 
distant parts. — The level to which the fluid subsides mny be 
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defined with conaiderable precision by noting how far upwards 
flactuatioD extends. 

Encysifd peritoneal exudation, hemmed in by inflammatory 
adhesion of the peritoneum with neighbouring organs, gives uo 
sensation of fluctuation. Peritoneal transudations, not being of 
inflammatory origin, are not usually encysted ; where, however, 
transuded fluid is found enclosed in this manner the adhesions 
by which it is confined muBt. be the remains of some antecedent 
inflammatory process. 

Ftictiou'Viurmurs are sometimes appreciable by palpation. 
If, for instance, the parietal layer of the peritoneum, and that 
•which covers a large hepatic or splenic tumour, become roughened 
by chronic inflammation, the opposed peritoneal surfaces come 
into more intimate contact with each other during the inspiratory 
and expiratory movements of the liver and spleen and rough 
friction takes place between them, capable of being considerably 
aggravated by pressure on the enlarged organ.* The conditions 
most favourable to the development of the fiuction-murmur are 
presented in carcinomatous disease of the liver, when the peri- 
toneum over the irregular nodules with which the organ is 
studded is at the same time inflamed ; on the other hand, this 
abdominal friction is absent when the tumour is chronic in its 
progress, there being no provocation to inflammation of the 
peritoneum when the enlargement of tho organ is slow. — In 
connection with other abdominal tumours also, when they con- 
tract adhesions with the peritoneum, evidence of friction may be 
obtained by palpating deeply or by moving the aflected organ 
slightly with the hand. 



Palpation of the Uro-oenital Appabatus. 

The kidneys become accessible to palpation when they shift 
from their normal situation and sink deeper in tho abdominal 
cavity (moi-uhlc or tvandering kidney), or when they are the seat 
of great enlargement, — particularly that due to hydronephrosis. 

• Peritoneal friction, first aocuratelj described by D<!i8pri«, gives to tho finger the 
same irapreuion u pleuritic friction, — that at wxatching or grating. la one om 
which I saw the {riclioD-munniir was bo iiurked that the patient himself draw ibj 
attention to it. 

The movements of the heart alao, as ia a ease Dbserred by Emminghatu, when the 
oontigaoas peritoneal 8urfacea of the liver and the diaphragm are covered by rough 
fibrinouB deposit, may give rise to a tyttolic friction-murmnr. 
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DislocatioB of the kidney, wkich is very Beldom congenital, but 
most usually acquired, occurs most often on the right side, rarely 
on the left. Relaxation of the ligaments predisposes to this 
affection, a fact to which is to be ascrilied the greater frequency 
of floating kidney in women after confinement ; violent physical 
exertion is also occaBionatly a cause of this displacement. 

The data on which the diagnoBis of movable kidney rests are 
the presence in the abdomen of a palpable tumour having the 
anatomical form of the kidney, and, if further proof be desired, 
the absence of the renal percussion-dulneas in the region in 
which it is usually found. 

As the dislocated kidney lies comparatively close to the ab- 
dominal wall the smoothness of its surface and its characteristic 
bean-shaped outHne are readily made out when it can be suffi- 
ciently fully grasped between the two hands- On account of its 
extreme smoothness and very free mobility it often slips from 
under the finger when pressed upon. The farther it has wan- 
dered from its original position the more easy ia it to fix it ; if it 
has moved only bom the right lumbar region into the right 
hypochondrium it eometimes disappears spontaneously, or on 
attempting to examine it with the hand, or occasionally in con- 
sequence of various movements on the part of the patient, sinking 
behind the hypochondrium again and passing for a time beyond 
the reach of the finger. Palpation of the dislocated kidney gives 
no pain ; it is only on using considerable force that uneasy 
sensations are felt in the part. 

Over the region which should be occupied by the kidney the 
sound to percussion is clearer than that obtained at the cor- 
responding point on the opposite side ; this clear sound becomee 
dull when the kidney is returned to its normal position. 
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The palpation-sigDa and those ehcited by percussion are as a rule 
sufficient to prevent a movable kidney being mistaken for an abdominal 
tumoar. It is only in those cases in which, by pressing upon and 
Irritating the neighbouring tisauea, it has excited infiammation and 
ckening of the SHrrounding partB, as in two cases which I observed, 
at the diagnosis presents any difficulty, &s the organ is deprived of 
its mobiUty and its distmctivo outline is then no longer lecogniBahle. 
In such circumstancea the objective examination must be supplemented 
by a careful consideration of the history of the development of the 
disease. 




838 



A lUKDBOOK OF PHYSICAL DIAONOSIS. 



If the kidneys undergo extensive degenerfttive changes and ut 
the flame time increase so much in she that they may be appro- 
priately descriheil as large renal tumours, they may come near 
enough to the surface to be examined satisfactorily by palpation. 
Hydronephrosia, due to the presence of some mechanical im- 
pediment to the flow of urine into the bladder, constitnles a 
swelling of this character. If this obstruction, arising from 
compression, adhesion, or malformation of the part at faolt, 
affects only one of the ureters the hydronephrosis involves only 
ont! kidney, but if both ureters become impassable, or if the 
obstacle be situated at the urethral orifice of the bladder (cases 
which are somewhat rare), bilateral hydronephrosis results. The 
largest tumours are seen in hydronephrosis on one side ; doable 
hydronephrosis ends too ropidly in death to permit of the de- 
velopment of swellings of great size, while in the unilateral form 
of the disease the discharge of the urine secreted by the other 
kidney goes on unhindered. 

The tumour produced by hydronephrosis, when it is of con- 
siderable magnitude, is felt both posteriorly in the lumbar regioo 
and in front through the abdominal walls, as a soft flactuant 
mass of somewhat spherical shape. Its volume may lead to its 
being taken for an ovarian growth, hut the history of the manner 
in which the tumour was developed and the data furnished by 
further physical examination, usually render such an error in 
diagnosis impossible. 

An enormously distended blnddcr, (which has been known to 
reach as high as the umbilicus), is recognised by inspection, and 
stiLi more positively by palpation, as a firm, elastic, oval-shaped 
tumour in the lower part of the abdomen. 

Jlijpertrophjf of the prostate may be diagnosed by palpation 
through the rectum. 

Among the diaeages of the female ffcnital apparatus, tumours 
of the ovaries and of the uterus may usually be made out with 
the greatest ease by palpation. Ovarian tumours are generally 
unilateral, frequently in*egularly spherical in shape, and movable. 
In most cases they contain a large quantity of fluid, and yield then 
a distinct feeling of fluctuation to firm pressure (ovarian cysts). 
In other less common cases they appear to the touch to be solid 
throughout; they may, nevertheless, enclose fluid, fluctuation 
being wanting merely because the force exerted by the hand in 
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Ipating tlirough the thick corerings of the cyst is insufficient 
to set its fluid contents in motiou. In iiiultilocular ovarian 
cjsts also there is no fluctuation. On the other hand, ovarian 
tumours have heen observed which, during Hie, gave very dis- 
tinctl}' the sensation of fluctuation, but which at post mortem 
examination were found to contain no fluid ; they were exceed- 
ingly soft and flabby in consistence, their whole tissue being 
infiltrated with serum. — There is, in general, no difficulty in 
ascertaining whether the tumour springs from the right or the 
left ovary, even when it is so large as to pass to some distance 
oyer the middle line ; but if from the enormous bulk of the 
tumour, which may fill up both sides of the abdomen equally, it 
becomes impossible to make this distinction by physical ex- 
amination, the patient's recollections as to the part in which the 
swelling first appeared will usually afford trustworthy enough 
indications as to its starting point, 
^p The history of the case, and especially examination per 
"Taginam, by which latter means the growth can always be reached 
with the finger, will generally Benre to distinguish ovarian from 
other forms of abdominal enlargement ; the diagnosis of hydro- 
variuni from ascites may be made with a like degree of certainty 
by combining palpation with percussion and by gi\'ing due weight 
to the history of the course of the disease, to the results of the 
exploration of the other organs, &c. (see p. 3C3), — It may seem 
to some impossible to confound an ovarian tumour with a giavid 
uterus, yet this has often been done. 

Enlargement of the titenis, — physiological in pregnancy, 
pathological in cases of tumour of the uterine substance or of 
accumulation of fluid in its cavity, — are appreciable by palpation 
through the abdominal wall as soon as the organ emerges from 
the pelvis and rises into the abdomen. 
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Percussion of the abdomen is most conveniently practised when 
the patient is made to lie on his back» in which position the 
abdominal coverings, especially the recti muscles, are relaxed to 
the frreatest extent. 

The object to which percussion is here directed is the de- 
limitation of certain of the subjacent organs, — the liver, spleeo, 
and gastro-intestinal canal, very rarely the kidneys. The pan- 
creas, ovaries, and uterus^ when of their normal size, are not 
definable by percussion. 

The diagnostic importance of percussion in many abdominal 
diseases is merely secondary, particularly in cases of enlargement 
of the various organs, the information obtained by palpation 
being more reliable, inasmach as by the latter means we are 
enabled to detect not only increase in volume bat also many 
other alterations to which the parts are subject and thus to form 
a clearer conception of the precise nature of the morbid process 
going on ; this is exemplified in cases of palpable tumour of the 
liver, spleen, ovaries, uterus, and in various other abdominal 
tumours. In other cases, however, in which palpation gives 
negative or uncertain indications, percussion comes to be of 
the greatest value as a method of physical examination, as, 
for instance, in free ascites, encysted peritoneal exudation, 
intestinal mcteorism, accumulation of gas in the peritoneal sac, 
atrophies and dislocations of the liver, aud in the slighter 
(and therefore non-palpable) forms of enlargement of the liver 
and of the spleen. Further details having a bearing on this 
subject will be given in discussicg the percussion of the different 
organs. 

It is immaterial in what order the abdominal organs are per- 
cussed, though it is customary to begin with the liver and spleen 
and afterwards to turn the attention to the gastro-intestinal 
cunal. 
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Percussion of the Liter. 

This is undertaken witli the view of ascertaining the position 
and size of the lirer. 

In normal circumstances, in which the liver is not definable 
by palpation, percussion is the only method by means of which 
the dimensions and situation of the organ can be determined^ 
while in those cases in which> on accoimt of enlargement, the 
liver projects from under the costal arch and may therefore bo 
distinctly felt, percussion supplements the results obtained by 
palpation by fixinp; tbe vpper hepatic houndarif ; diminution in 
the size of the organ can be recognised only by percussion. 

The liver lies in the greater part of its extent close against 
the thoracic and abdominal parietes, only its upper convex 
surface, occupying tbe concavity of the diaphragm, being by the 
latter structure, and by tbe lung towards the right, separated 
from the chest-wall. That portion of it which is in contact 
with the thoracic and abdominal wall, extending on the front of 
the chest from the sixth rib superiorly to tho margin of the arch 
of the ribs inferiorly, and reaching in tbe median line to midway 
between the base of the xiphoid cartilage and the umbilicus, 
gives at all points a dull sound to percussion. This area of 
dolness is known as the absolute hepatic didncss. That part 
of the liver which is separated from the chest-wall by lung- 
tissue extends upwards, when the diaphragm is in a medium 
state of contraction (as in quiet expiration), to the level of tho 
fifth rib between the right mammillary and parasternal lines; 
from this point downwards to the inferior border of the lung, 
beyond which the liver is in immediate contact with the thorax, 
the Bouud is not dull, but is only less loud than that ehcited 
higher up (at parts behind which lung altme is situated), and is 
therefore spoken of as merely relatively dull. The height of this 
relative hepatic dulness, however, is less than tho actual height 
of the upper convex segment of the Uver which is sheltered 
behind pulmonary tissue, aa the dulncas always begins in the 
middle of the fifth intercostal space, where the stmtum of lung 
which comes in front of the liver becomes sufficiently thin, while 
above this level the layer of lung is too deep to permit of any 
diminution in the intensity of the percussion-sound taking place. 
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Ab, accordingly, the relative hepatic dulnesa can never be defined 
witli rigorous exactness no attempt is as a rale made to do so, 
attention being directed to the determination of the area ol 
absolute dulness only. The full vertical diameter of the organ 
may nevertheless be approximately shown by placing the upper 
boundary of the absolute dulness 4 ctm. higher, — the extent to 
which the liver, in the nuammillary line, is covered by hmg, the 
diaphragm occupying a middle poaition between relaxation and 
extreme contraction. 

The liver should be percussed during the respiratory pause, 
and generally along four lines, the axillarj', mammillarv, 
parasternal and median lines. 

The itppt')- hivatdarif of the hepatic dubiess is found at the 
eighth rib in the tixUlanf line, at the upper (sometimes the lower) 
border of the sixth rib in the mammilloni line, at the upper 
border of the sixth rib (sometimes in the fifth intercostiJ space) 
in the jurrastcru'd Hue, and at the base of the xiphoid process in 
the ttiafidn line. Posteriorly the liver rises as high as the level 
of the tenth rib. The superior boondary of the hepatic dulness 
is thus conterminous with the inferior margin of the right 
Inng. 

The loHi'r limit of the hepatic dulness is situated between 
the t«nth and eleventh ribs in the axillary line ; in the mam- 
miliary and parasternal lines it comes close to the edge of 
the arch of the ribs, comparatively seldom passing beyond it, 
and then only to the extent of 1 — 1| ctm. In women this 
inferior boundani' may l^o considerably lower, — as much as 2J — 
5 ctm., a condition which is commonly dae to tight kcing, 
sometimes to rtdaxation of the suspensory ligament of the 
liver ; in the latter c-ase the npper limit also is lowered. In the 
median line the hopatic dcdness reaches downwards to nearly 
midway between the base of the xiphoid process and the tim- 
Ulieas ; from the metUan line it extends about o ctm., at most 
6 — 7 ctm., to the left, where its lower edge, taming upwards, 
fOTOo into the lower margin of the cardiae dolness and there 
•ads, as might be expected from the anatomical site and outline 
of the liver, in the upf^er border of the hepatic dulness. — 
Boateriorlf the lover boandarr of the liTer<-daIness is no longer 
JhaoBiitrahU beyond the scapular line, in which it is situated at 
tk» ktel of the eleTeoth rib ; the dolniess is here nndefinable, 
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being lost in that arising from tlie tliick ranss of the dorsal 
mnscles. 

The percussion-sound is not e<]ually dull at ull parts of the 
hepatic area ; over the thick right lohe of the liver the non- 
resonance is much more decided than over the thin left lobe, 
while towards the lower margin of the organ, where it diminishes 
rapidly in thickness, the sound hci^oraes more and more clear. 
The proximity of the intestine to the lower part of the right lobe, 
and of the stomach and bowel to the whole left lobe, adds to the 
dull sound heard on percussing in these regions one of tj-mpanitic 
quality; by striking gently with the haranaer or finger the con- 
fusion arising from the mingling of these sounds may be reduced 
to a minimum. It is only in children that, notwilhHtandiug the 
employment of a light stroke in percussing, the dull sound over 
the whole hepatic area is accompanied by a tympanitic sound. 



Dislocation op the Liver. 

In this affection the boundaries of the area of liver-dulness are 
altered, but the organ itself remains of normal size. 

Dislocation of the liver horn })hijsiolo(}iral causes occurs during 
the respiratory act ; in quiet respiration the amount of displace- 
ment is merely trifling ; dtjep inspiration, on the other hand, 
occasions a very considerable sinking of the liver, and con- 
sequently also of the upper limit of the hepatic dulness. At the 
Bume time the vertical diameter of the dull area diminishes, as 
in inspiration the lower margin of the liver descends only to 
a point about 1 — IJ ctm. below the edge of the costal arch, 
whilst the upper convex surface of the organ is overspread by 
the expanding lung to the extent of 2 — 3 ctm. The attitude of 
the body has also a certain influence on the position of the lower 
border of the liver ; iu lying on the right side the right lobe 
sinks and the left rises somewhat,, and if decubitus be on tho 
other side these relations are usually reversed. 

I'athohMjiral displacement of the liver takes place generally 
dounwartU, seldom (iuid then only to a very inconsiderable 
degree) upwards or laterally. 

Dislocation dowmfardu is produced by all those conditions in 
which depression of the diaphragm is a marked symptom, — the 
severer forma o{ jfultnonary emphysema, ng]it pleuritic exudation 
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by palpation, eapecially if there be much tension of tlie abdominal 
Tvall ; in cases of this kind the increase is clearly enough Bhown 
by the dull sound elicited by percussion of the hepatic area. 
This sound is never absolutely non-resonant, bat is of a dull 
tympanitic quality. The distance downwards to which the hver 
reaches is indicated by the lino of demarcation between the dnll 
tympanitic sound of the organ itself and the clear tympanitic 
note of the adjoining intestine. 

But tlio liver, even when distinctly enlarged and projecting 
below the ribs, is not demonstrable by percussion in the presence 
of copious effusion into the peritoneum (ascites) or tneteorism of 
the intestine. In the first case, provided that the fluid be 
abundant enough to reach to the upper part of the abdomen and 
that the abdominal walls be in a condition of considerable tension, 
the dull sound of the liver is indistinguishable from that of the 
effusion ; the fluid often rises as high as the liver, or even coverg 
it, when the patient lies on his back. In the second case 
(meteorism) the colon, distended by gas, sometimes comes 
between the hver and the abdominal wall, when percussion 
educes only the loud intestinal sound. In the same way an 
enlarged left lobe of the liver may be so masked by the dilated, 
air-distended stomach as to bo uudiscoverable by percussion. 

Of the complications just enumerated, which hinder or render im- 
possible the delimitation of the liver hv percuiSBion, ascites is the moflt 
common (as in cases of hepatic eulargement, and peritoneal effusion in 
the stage of failure of compensation in mitral lesions). If the super- 
ficial tissues be sufficiently lax the swollen organ is ncren-iU'lf to iHxljta- 
lii>ii, when the eiilorgL'meat ts eafiily detected without the aid of 
percussion. Even when the abdominiiJ parietes are moderately 
the hyperlrophied iivcr may be explored by palpation, by preesi 
suddenly and firmly with the hand over that part of the abdot 
surface corrospoudiug to the site of the liver, and in this 
pushiug the fluid aside. 



A liver of normal size may appear enlarged when close to its 
lower border is situated some solid medium giving a dull soaod 
to percussion. The hepatic duhiess is thus apparently increased 
by the presence of firm, hard ftecal masses filling up the trans- 
Terse colon, by tumours of the pylorus and of the stomach in 
general, and b}' peritoneal exudation encysted in the neighbour- 
hood of the hver. 
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In these cases also, in which percussion is plainly not to bo relied on 
as a means of inyestigatioD, palpation very generally, though not invari- 
ably, furnishes such indications ns warrant a positivo diagnosis. Bat 
even with the aid of the latter method of examination it is nut unfre- 
qaently impossible to distinguish between cancer of the pylorus and 
cancer of the left lobe of the liver ; it is then necessary to fall back on 
the other symptoms which point to the presence or absence of functional 
disorder of the Btomach. 

Several of the above-named conditions, which complicate or render 
nneertain tlio results of percnssion, such as distension of the stomach 
by food, the overlsipping of the enlarged liver by coils of intestine, tha 
aceamulation of a quantity of hard fiEcal matter in the colon, &,a., are 
of short duration, so that repeated esaminatiou usually removes any 
doubt that may have at first arisen as to the real dimensions of the 
liver ; in nil such cases, however, the symptoms relating to the 
development and course of the disease possess a much higher 
diagnostic valne than the doubtful objective results of physical 
examination. 

In a rarer class of cases the liver increases in size not merely 
downwards lut also upwartls, pUBhing the diapbragra before it, 
rising sometimes as far as the tliinl intercostal space, compress- 
ing the ItiDg and dilatiiifr considerably the rr|:j;bt half of the chest, 
particularly laterally; this is observed specially in hydutid dUcusc 
of the liver. 

At the first glaneo such a case may readily he mistakeu for one of 
pleuritic exudation, but a closer examination will reveal the true nature 
of the afleetioD. Thus, in a woman whom I lately had under observa- 
tion, suffering from hydatids of the liver, the tumour, which was large 
and distinctly fluctuant, was not simply abdominal but grew upwards 
also into the thoracic cavity, and that so quickly that in a short time 
the right side of the chest, from about the fourth rib downwards, was 
dilated to an extent such as is generally noticed only in cases of 
enormoas pleuritic exudation. To fail into the error of confounding 
bach an affection with pleuritic exudation is scarcely possiblo ; apart 
from the objectively -demonstrable fact that the liver forms a prominent 
tamour in the abdomen, it will be found that the intercostal spaces, 
when the chest is dilated by an hepatic tumour, are not obliterated ; 
that, further, the dilatation of tho thorax is verj' irregular, and that 
above all the outline of tho area of dulness does not in the least 
resemble that which is so diatinctivo of pleuritic exudation. 



Contraction of the Liver. 

The principal sign which this condition gives to percassion is 
diminution in the extent, or even entire disappearance f of the 
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sion vnrit'S a little, however, according as the person nnder 
examination assumes the one or the other position. Wlien he 
reclines on the right side the splenic dulness is displaced and 
slightly diiniuished in area; it sliifls, as the spleen sinks and is 
turned still further forward (inward) at its lower end, in such a 
way that the direction taken by its long diameter is no longer 
diagonal, as in the standing posture, but more nearly horizontal; 
it is then also diminished in area, by the descent (2 — 3 ctm. in 
extent) of the lower margin of the left lung, whereby a larger 
part of the upper (posterior) end of the spleen is hidden by pul- 
monary tissue, the lower (anterior) end of the organ falling down- 
wards. This displacement and diminution in size of the splenic 
dulness is recognised by comparing the areas of dulness obtained 
in the upright and right lateral positions ; the difference is often 
quite perceptible even while the spleen is normal in volume, but 
18 much more obvious when it is enlarged. It is iii almost every 
instance advisable to percuss in both positions alternately, as a 
comparison of the outline of the non-resonant areas provides a 
convenient test of the accuracy of the results of this method of 
investigation. 

The spleen, being of comparatively small size, only 2 J — 1 
ctm. in thiclcness, and surrounded on ahuost all sides by air- 
containing organs, gives a sound to percussion which is much 
less dull than that of the liver. In adults frequently, in children 
generally, the spieuic sound is not absolutely dull, but merely 
slightly muMed and at the same time of tympanitic quality ; the 
percussion-stroke employed must therefore be gentle, othornise 
vibration will be set up in the adjacent structures (the lungSj 
stomach, and colon), and the muffled splenic sound will be 
almost lost in the clear sound so awakened. The stroke mast 
also be delivered in the respiratory pause, as during inspiration 
the greater part of the upper end of the spleen is sheltered 
behind pulmonary tissue ; a very deep and full inspiration may 
even cause the splenic dulneaa to disappear entirely. Even after 
complete expiration, however, nearly the whole npper third of 
the organ, about 4 ctm. in length, remains covered by lungj 
this portion of the spleen is accordingly not definable by percus- 
sion, — though exactly the contraiy has been maintained by some 
authors. At that part of the posterior thoracic surface which 
coincides with this upper segment of the spleen, that is, in the 





space lying between the ninth and tenth dorsal vertebrse and the 
Bcapalar line, no diminution in the intensity of the percussion- 
sound is heard, the not© being uniformly clear quite up to the 
lower border of the lung. As tho upper third of the spleen is 
thus too deejiiy seftted to be recognisable by percussion, it 
follows naturally that the long diameter of the organ as indicated 
by this method of examination is one-third shorter than it really 
is anatomically. 

In percussing from above downwards — preferably without the 
hammer — between the left middle and posterior axillary hnes, 
the patient being in the standing posture and having his left 
arm sUghtly raised, distinct dulness is first obtained usually at 
tho upper border of the niitih rib, and at tho same time the 
sense of resistance experienced iu the finger is increased ; this 
marks the superior boundary of tho splenic dulness. This area 
of non-resonance extends downwards to the eleventh rib or to its 
lower border, which is therefore regarded as the iuferior boundary 
of the splenic dulness ; the muffling of the percussion-sound 
ceases at this point, and is replaced by the clear note yielded by 
the bowel. Posteriorly the splenic dulness is bounded by tho 
scapular line, from the ninth to tho eleventh rib ; its anterior 
limit coincides almost exactly with the middle axUlary line, also 
between the ninth and eleventh ribs.— The long diameter of the 
splenic dulness measures about 7 — 8 ctm,, its greatest breadth 
& — 6 ctm., while the actual length of the spleen itself is on the 
average about 12 ctm-, and its breadth about 8 ctm. 

Whilst the spleen is easily definable between the ninth and 
eleventh ribs in the axillary Hue, the delimitation of its anterior 
and posterior borders in their whole extent is an undertaking of 
much greater difficulty, and one which sometimes cannot bo 
satisfactorily accomplished. This is accounted for by the 
anatomical relations of the organ. Thus, the upper part of its 
poaterlor border hos deeply sunk behind lung- tissue, and is 
therefore not traceable by percussion ; the middle and a portion 
of the lower part of tho same border, also, run up to and overlap 
the convex edge of the kidney, so that in thia direction the 
splenic dulness is continuous with and indistinguishable from 
the renal dulness. There remain accordingly of the posterior 
border only two small portions, an upper and a lower, which 
may be isolated by percussion from the adjoining resonant pul- 
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monary area. These points being found they should be con- 
nected by a slightly curved line, which will include and indicate 
with substantial accuracy those other points, Ijing between the 
two extremities of the line, which are not distinctly demonstrable 
by percuBfiiou. The anterior border of the spleen, covered, like 
the posterior border, by lung in its upper third, comes in its 
lower two-thirds into somewhat close proximity to the greater 
curvature of the stomach, white its lowest third is in immediate 
relation with the splenic flexure of the colon. If the stomach 
be dilated, as after a hearty meal, the tympanitic or ringing 
metallic sound which it then gives modifies the dulness not 
merely of the anterior part but of nearly the whole of the splenic 
area. The colon, also, when distended with gas, encroaches on 
the splenic dulness. 

The changes in form and dimensions which the splenic 
dulness undergoes may be caused by dislocation of the spleen, 
by apparent and by actual enlargement of the splenic area. 

Very deep respiration is attended by a slight didocation of 
the spleen. In inspiration the organ sinks somewhat in the 
abdominal cavity, but the space which it renders dull to percus- 
sion becomes smaller, as its upper end is more fully shut in by 
pulmonary tisane. In tranquil inspiration, however, no down- 
ward displacement of the lower limit of the spleen is noticeable. 
The spleen is pushed still further from its normal situation, and 
its area of dulness to a similar extent reduced or even caused to 
disappear, by left pleuritic effusion, pneumothorax, and pul- 
monary emphyaema. In cases of pleurisy in which the fluid is 
60 abundant as to occupy the front as well as the back part of 
the pleural sac, the splenic dulness and that due to the presence 
of the eflusion cannot be defined from each other ; if the exuda- 
tion be unusually copious, and the diaphragm be depressed, the 
Bpleen also is displaced and protrudes &om under the costal 
arch .^ In left pneumothorax the splenic dulness may vanish 
completely; the spleen, however, is commonly driven down- 
wards by the weight of the pleural effusion which is always 
poured out soon after the air has gained access to the pleura. — 
In like manner the pressure of an emphysematous lung causes 
the spleen to sink to a lower point in the abdomen. In a case 
of this kind the splenic dulness is always gi'eatly diminished in 
size, as the margin of the lung creeps downward over the upper 
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Jart of the spleen to a consideraWe distance, whilst the actual 
descent of the organ, due to depression of the diaphragm, is 
comparatively trifling. — If the spleen be dislocated upwards, as 
from ascites, its area of dulncss is not traceable on the surface ; 
if the displacement be the result of an extreme degree of 
meteorism, the splenic dulness is invaded and lessened in size, 
as on the oue hand a larger portion of the spleen is covered by 
lung, and on the other the dull sound it renders to percussion is 
overborne by the loud aud clear intestinal note. — K the disloca- 
tion be complete, if the spleen have, in other words, become 
vwvahh, percussion-dulnesg is entirely wanting in the region 
corresponding to the normal anatomical situation of the organ. 

Apparent enlargement of the splenic dulness is produced when 
the hollow or air-containing organs in its immediate vicinity are 
from any cause transformed into solid, airless structures. The 
dulnesa of these solid organs then becomes continuous with that 
of the spleen. This is what takes place in cases of effusion con- 
fined to the posterior lower part of the pleural cavity, consolida- 
tion of the lower lobe of the left lung, engorgement of the colon 
with fffical masses, tumours of the liver of such dimensions that 
they reach over to the spleen, ttc. Careful examination, how- 
ever, will suffice to establish the diagnosis of apparent enlarge- 
ment of the splenic dulncss from actual increase in the volnme 
of the spleen itself, the former condition being characterised by 
an irregularity of form which is strikingly different from its 
normal oval or rhomboidal outline, and by the total absence of 
the usnal shifting of the area of dulness on altering the attitude 
of the patient, as on changing from the upright to the recumbent 
posture on the right side. The other methods of physical 
examination also at once suggest the merely apparent character 
of the augmentation of the splenic dulness and indicate its 
spocial causes. 

Actual enlargement of the splenic dulness is the result of 
enlargement of the spleen itself. The non-resonant area is 
■ normal as regards shape, but is increased in size in all directions; 
the lines therefore which arc represented above as bounding the 
normal splenic dulness are set more widely apart, on account of 
the lengthening of the vertical and transverse diameters of the 
splenic area. The extension of the dulness takes place most 
commonly downwards and backwards, when the swelling of the 
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spleen ia moderate in de^ee ; when tHs is still greater the 
organ passes beyond its normal limits anteriorly as well as in 
the other directions, and when the tuuiouv is of unnsnal dimen- 
sions it pushes the diaphragm upwards* before it into the thoracic 
cavity, and percussion then shows that the upper boundary of 
the spleen occupies a much higher position than normally. 

As enlargement of the spleen is invariably attended by increase 
in the thickuess (the nntero-posterior diameter) of the organ, the 
hiterisittf of the duluess is also always much greater than over 
the normal spleen ; the percussion -sound of a large splenic 
tumour is as absolutely dull as that heard over the liver, while 
the sense of resistance experienced iu the percussing finger is 
ftugmeuted to a very unusual degree. The larger the spleen 
becomes iu all its diameters the more easily definable is it by 
percussion, the influence of the sounds given by the parts in the 
vicinity being eventually completely neutralised as the hyper- 
trophy of the organ goes on. 

If the spleen forms a distinct tumour, protruding from under 
the arch of the ribs, it roust, except in some rare cases of dis- 
location {movable or wandering spleen), be regarded as enlarged. 
When it comes down in this way into the abdomen examination 
by percussion may almost be said to be snperttuous, as much 
clearer and more definite information may then be obtained by 
palpation. The signs which a splenic tumour gives to palpation 
are so distinctive as verj' seldom to leave any doubt as to the real 
nature of the sweUiug under consideration (see p. 328). As a 
contirmatory test, however, percussion is here of some import- 
ance, as it shows that the line of dulness is unbroken between 
the normal splenic area in the lower thoracic region and the nou- 
resonant space corresponding to the tumour. 

Tumours of the spleen may be unrecognisable by percussion, 
or recognisable only with difficulty, if there be much meteorism 
or ascites present. If the swelling reach to a point considerably 
below the level of the ribs, however, it may always be determined, 
if not by percussion, at least by palpation, especially if pressure 
be made with the hand firmly and suddenly, in such a way as to 
displace the iluid for a moment. 

• In one cage which I observed, in which the whole Rbtlomen woa filled by an 
cnoimou"! splenic tumour, the npex of the he.irt was found beating at the level of Uie 
foarth rib ; imiscdiately below tfaia point also the nbeolute rplenic dulness be£aa. 
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Percussion of the Stomach. 

A small portion of the anterior surface of the stomach, and the 
larger part of its great curvature, are in direct contact with 
the abdominal parietes anteriorly ; tho rest of the orcjan is 
covered over, partly by the left lobe of the liver and partly by the 
left lung. This portion of the stomach, that which in front 
touches the wall of the abdomen, is bounded towards the right 
by the left lobe of the liver, and superiorly by the lower border 
of the left lung, which turns backwards behind the sixth and 
seventh ribs, to the outside of tho apex of the heart ; the lower 
border of the stomach, its larger curvature, crosses the epigas- 
triam from the left lobe of the liver to the left h}i)ochondrium in 
a curved line situated nearly midway between the point of the 
xiphoid process and the umbilicus, inclines upwards and outwards 
opposite the free end of tho tenth rib, and at tho level of the sixth 
rib, in the anterior axillary line, meets the upper boundary of the 
organ. These are the limits of the stomach when it is in a state 
of only moderate distension. 

It follows from what has just been stated that it is never pos- 
sible to delimit the stomach in its whole circumference by means 
of percussion, but only so much of it as is not overlapped by 
other organs and is in immediate relation with tho anterior 
abdominal wall. In examining the stomach tho patient should 
be placed on his back, this being the most convement position 
for percussion in this region. The upper limit of the stomach 
should first be found, the line along which the clear pulmonary 
note gives place to one which is tympanitic in quality; the 
boundary of the gastric area towards the right may then bo 
determined by following the edge of the hepatic dulness till it 
ends in the lower margin of the cardiac dulness ; tho dehmitatiou 
of the saperhcial gastric area is completed by tracing the course 
of its lower border, which coincides with that of the greater 
curvature of the stomach (see above). Tho close proximity of the 
transverse colon, however, often proves a serious obstacle to tho 
proper carrying-out of this proceeding, as the percussion-sounds 
of the great intestine and the stomach are sometimes exactly 
alike both in intensity and pitch, when all that can be accom- 
pUshed is usually merely to fix certain points in the line of tho 
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lower boundary. In other cases, however, when the sound of 
the colon is higher in pitch than that of the stomach, the course 
of the larger curvature may be made out with much preater pre- 
cision. The percussion-sound in the gastric area just described 
is generally loud, clear, tympanitic, and of low pitch. 

The gastric percusaion-sound undergoes many modlfi<!atioQB 
both in quahty and in the extent of surface over which it is 
audible, according as the stomach is empty, partly filled, or 
completely and fully distended by its contents. 

When the stomach is empty a deep and clear tjTnpanitic note 
is heard over its whole extent ; but if it be so fully occupied by 
fluid and sohd matters that but little space is left in it for air, 
the region of tympanicity is diminished in size, and at the 
dependent parts of the great cuiTature the sound is often 
muffled, when it becomes easy to distinguish it from the t3Tnpa- 
nitic sound of the transverse colon, provided also that this part 
of the intestinal canal is not in a similarly overloaded condition. 
If the stomach contain only a moderate quantity of solid matters 
there is no muifling of the percussion-sound ; if there be also a 
considerable volume of air present the sound may even be 
tolerably clear, so much so as to become indistinguishable from 
that of the colon. — "When the stomach is overcharged with food 
the tympanitic gastric area is also considerably altered in extent, 
the above-described lower boundary-line, representing the larger 
curvature, being shifted further downwards, to a greater distance 
from the upper limit of the tympanicity proper to the stomach 
(the sixth rib) ; the somewhat crescentic gastric area is thas 
increased in diameter, it includes the whole left hypochondrium, 
overspreads and masks the anterior part of the splenic dulness 
and to some degree also that part of the hepatic dulness which 
marks the left lobe of the liver. — If the stomach be widely 
dilated by gas, so that its walls are in a state of considerable 
tension, a vieiallic quality is noticeable in the percussion-note 
over a greater or less area, when the ear is held close to the spot 
percussed or when instead of the hammer a small metallic rod is 
used (see p. 106), Were it possible to elicit this metallic sound 
over the wholo of the gastric area, we should have in this 
system of percussing with a small rod of metal a means of fixing 
the boundaries of the stomach with almost absolute exactness. 
This method of examination has been elaborated particularly by 
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Leichtenstern, but the results it yieida are far from beiiiR per- 
fectly Batisfactory, as the metallic sound so produced is not only not 
heard over the whole of the region correBponding to the stomach, 
but is also sometimes audible over the transverse colon when it 
is inflated with gas. — There is still another method, however, 
described by Frerichs,* whereby the outline of the stomach may 
be traced on the surfiice with somewhat greater precision. To 
the patient to be examined is administered a quantity of tartaric 
acid, followed up by a like quantity of bicarbonate of soda dis- 
solved in water ; efiervescence takes place freely within the 
stomach, which is soon distended by the carbonic acid gas dis- 
engaged. WTien iu this condition the stomach, which often 
forms a visibly prominent swelling in the epigastric region, gives; 
a deep, tympanitic, and metallic percussion-sound, frequently of 
a strikingly different character from that rendered by the trana- 
Terse colon. — Another method sometimes adopted to distinguish 
stomach from bowel by percassion, is to fill the former with floid, 
when the sound obtained >ilong its lower border, the patient being 
in the upright position, will be fuund to be dull. 

The tympanitic gastric area which is here represented as 
associated with a medium state of dilatation of the stomach, may 
appear to be dislocated, increased, or decreased in size. 

The stomach is dislocated downwards in those conditions in 
which the diaphragm is depressed, — copious pleuritic effusion, 
pulmonary emphysema ; it is displaced upwards when the dia- 
phragm is caused to rise to a higher level in the thorax, as by 
ascites, or large abdominal tumours. 

The gastric resonant area is diminished by tumours of the liver 
and spleen, when these are sufficiently large to encroach upon 
the stomach to any extent. 

Enlargt'inent of the space which the stomach renders tympa- 
nitic to percussion occurs in cases of pathological dilatation of 
the organ. It is one of the signs frequently observed in gastric 
catarrh of long duration, and more egpecialiy in connection with 
stricture of the pylorus ; in these circumstances the stomach is 
jdilated along its greater curvature, its lower boundary sinks 



" In like manner Bchreiber hu propoBcd to pou into the Btomkdi an oesophageal 
tab«, to which ia attached a imall india-rubber balloon ; thia balloon, when it reacbei 
the stomach, is inflated by blowing through the tube, and the organ is in this waj 
distended with air. 
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Eometimes even as low an the uinbjlicuB, while to the right it 
may extend far over the middle line, and to the left may pass 
beyond the axillary line, so that the whole iipper, and occasion- 
ally alao the middle portion of the abdominal cavity is occupied 
by the dilated organ. Throughout the whole of this region the 
percussion-sound is tympanitic, and at some parts may possibly 
be of a ringing metallic character, if the stomach contain chiefly 
air and only a relatively small proportion of fluid. If the 
Btomach-coutents consist mainly of fluid, ami if the abdominal 
wall be soft and lax (as it generally is, these cases being usually 
marked by excessive emaciation), the gastric percussion-sound 
undergoes considerable modification on altering the position of 
the patient, and in this way the delimitation of the part may be 
greatly facilitated ; thus, in the upright position the fluid gravi- 
tates to the lowest level within the stomach, and the sound 
along the greater curvature becomes much less resonant and 
more readily distinguishable from the clear tympanitic note of 
the colon. The lateral limits of the stomach may be determined 
in like manner, by turning the patient first to the right and then 
to the left side; the fluid, as before, seeks the lowest level, when 
the previously clear tympanitic percussion-sound at the points 
to which it sinks becomes feebler and duller. 

Tbo eigBB which the dilated stomach presents to icspection and pal- 
pation (see pp. 816 and B82) are often of the greatest value as aids to 
percuBGioD in determining the limits of the afi'ectcd organ ; frequently, 
indeed, these are the only indications which can he trusted to in tha 
diagnosis of the condition under discussion. In several cases of 
enormouB dilatjition which have come under my own notice the greater 
curvature of the stomach was recognisable as a wfll-niarked, slightly 
prominent line or elevation which crossed the abdomen below the 
umbilicDB, and which, on being smartly rubbed with the hand, showed 
peristaltic movementH in relief with aorprisiug distinctness. In two of 
these cases, in order to define the lower gastric boundary from the 
colon by means of percussion, I emptied the stomach with the stomach- 
pump and injected 4 — 5 kilogrammes of water ; then only did the 
previoQsty tympanitic sound become dull. 

Percussion op the Intestini:. 

The percusaion-soand of the great and itmall intestine is, 
health, always tympanitic. The pitch of this tympanitic sound 
is diflerent at different points on the abdominal surface, and is 
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subject to constant variation ; tliis alteration in pitch is in 
general cansed by the very variable condition of the bowel with 
regard to the amount of gnaeous and fiolid matters it contains, 
and by the consequent variation in the tension of tho walls of 
le intestine. Though a definite statement, therefore, of the 
points at which the tympanitic percnssion -sound will be found to 
be lower or higher in pitch cannot be made, the general rule may 
nevertheless be laid down, that over the small intestine the 
sound is higher in pitch than over the large intestine. 

The tympanitic intestinal sound is most exquisitely developed 
at those points at which the abdominal coverings are not too 
tense, at which, accordingly, they do not interfere with or muffle 
the percussion-note. It is thus always more or less diminished 
in resonance when the patient stands, this being the result chiefly 
of the tension of the recti muscles ; a large accumulation of fat 
in the subcutaneous tissues has the same effect on tho sound. 

The raising and lowering of the pitch of the tympanitic 
intestinal sound so often observed in disease are generally refer- 
able to definite pathological causes. If there be nn unduly small 
proportion of gaseous matters present in the intestine the latter 
is diminished in calibre, (as in ascites, in which the fluid presses 
on the bowel), and its percussion-sound rises in pitch ; thus, in 
a case of ascites in which the small intestine is compressed into 
much less than its normal balk, the sound above the level of the 
effusion is acitteli/ tympanitic— When, on tho other hand, the 
bowel is tensely iuttated with gas, the abdominal percussion- 
sound becomes deeper in pitch, but not tympanitic ; this is 
observed, physiologically, after a heavy meal ; pathologically it 
occurs in peritonitis, in typhoid fever {from paralysis of the mus- 
cular coats of the bowel), and in cases of stricture of the intestine, 
from the obstruction set up to the onward passage of the intes- 
tinal contents. Tho sound is lowered in pitch, because a larger 
body of air is thro^vn into nbration, but it is not rendered tym- 
panitic, as the wall of the intestine as well as tho air it Burrounds 
is caused to vibrate (see p. 91). 

If a portion of the bowel, situated above a stricture, be widely 
distended with gas, a ringing metallic percmsion-sound is heard 
over it, while below the point of constriction the whole intestinal 
tube is reduced in lumen and therefore gives no such sound to 
percussion. 
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The intensity of the tympanitic note varies very much at dif- 
ferent points on the surface of the abdomen, these changes being 
dependent on the amount and nature of the intestinal contents. 
The more solid the matters lying in the bowel, and the less the 
proportion of gas mixed up with them, the less the intensity of 
the tympanitic sound. Thus, at those parts beneath •which lies 
the intestine loaded with large masses of fiscal material, the 
sound acquires the dull tympanitic character ; in the left iliac 
region particularly, when the descending colon is filled with 
retained excreta, the percussion-note is less clear than at the 
corresponding point on the right side. Nevertheless the sound 
is never absolutely dull, even when the accumulation becomes 
enormous in amount.* 

If, on the other hand, the intestine contain little solid matter 
but a large quantity of gas, the percussion-sound becomes very 
loud, but, at the same time, loses its tympanitic character if 
the intestinal walls are so tense as to be capable of entering 
into simuitaueous vibration. 

Accumulation of (fas bt the peritoneal sac, moat commonly the 
result of perforation of the intestine, sometimes also owing to 
the disengagement of gas from a putrid peritoneal elfusion, and 
in rarer cases caused by the bursting of a pyopneumothorax 
through the diaphragm, may give rise to the same intumescence 
of the abdomen as intestinal meteorism, — The percussion-sound 
in such cases is often in no way different from that of the last- 
mentioned aflection ; occasionally, however, it is of a ringing 
metallic quab'ty. Further, if the gas burrow upwards between 
the anterior surface of the liver and the abdominal parietes, that 
is, to the highest point within the abdomen when the patient 
lies on his back, forcible percussion elicits a chippint/ or flapping 
sound, resembling that obtained over the stomach or bowel after 
removal from the body, due to the collision of the flaccid and 
only partially distended walls of these parts when struck 
with the percussing instrument. In both instances the sound 
originates in the sudden escape of the layer of air which is 
compressed by the percussion -stroke. f In cases of this nature, 

* Barth recOTdg the awe of a boy who presented two Urjje intestinal fiecal tiUDonn, 
one of wbich measnred 12 ctm. in diameter, orer which the percnssion-aound WM Dot 
bbeolutel^r dull, but of dull Cysipanitic quality. The mAAS which occupied ihe bowel 
was found, at tbe poet mortem examination, to weigh ft kilogrammes, 

f CbomjiiJEoS!, on the contrary, expiuina the dapping aound heard on percoaBtng 
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ako, percussion of the lower and posterior parts of the abdomen 
asnally reveals the presence of fluid eftusion, as along with the 
intestinal gases a quantity of the liquid contents of the bowel 
escapes into the peritoneal cavity, and this very speedily excites 
a diffuse peritonitis with exudation, if the orifice in the intestinal 
wall be not at once closed by adhesive inflammation. 

It is hardly possible to confound intestinal meteorism with an accn- 
mnlation of gas in the pcritoneiU sac, in view of the violence of the 
symptoms by which the latter accident is attended, — the Higns of per- 
foration and aabsoqaent poritonitia. The principal phyeiical sign on 
which the diagnosis of the entrance of intestinal gases into the peri- 
toneum is based is the disappearance of the hepatic dulness on both 
sideB of the median line, as the bubbles of gas seldom fail to make 
their way upwards to the highest part of the cavity (see also the section 
on BOBoaltation, p. BTii). 

Fluid Effusion in the Peritoneum. 

An effusion which does not rise above the pelvic cavity is not 
discoverable by percussion ; as it increases jrradually in quantity, 
however, and extends upwards into the abdomen, it renders doll 
the percnsaion-sound over more and more of tho lower abdominal 
region when the patient stands erect. Wlien the whole abdomen ia 
^ed with the fluid the sound ia at all points dull, but the dulness 
becomefl abnolutc only when tho eflusion ia so abundant as to press 
heavily on the bowel, the latter being thus to a great extent emptied 
of air and so compressed as to occupy much less space than 
normally. Nevertheless, on sinking the pleximeter deeply into 
the abdominal tissues, and in this way pushing aside a portion 
of the fluid, the previously dull sound is made somewhat clearer 
hy the accompanying tympanitic intestinal sound. Very fre- 
quently the air-filled coils of intestine are floated up on the 
surface of the fluid, and are therefore detected above the area of 
dnInesB ; in such circumstances the sound ^\dll be found to be 
of clear tympanitic quality on percussing with a gentle stroke, 
and of the dull tjinpanitic variety on percussing forcibly and 



wlm bubbles of gu are mterpoeed between the liver and the abdominnl coTeringa u 
CMned by the shock of these parts agoJnat each other when snbjected to an energetic 
atroke. The expLuifttion offered above, however, aeems to me more natural and more 
is accord with that whioh Is most generally reoognued aa satisfactory in the case of 
the bruit de pot fdl^— « phenomenon to which the d^ ander diacnsaion pneeau a 
oilose analogy. 
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pressing the pleximeter firmly down. — If the ascites be moderate 
in degree the dulness is always attended by the tympanitic 
intestinal sound. 

The percuasion-sound in ascites undergoes various modijica- 
tions on changing the attitude of the body, as the fluid, in 
obedience to the laws of gravitation, subsides to the most 
dependent parts of the abdomen. On turning to the right 
side, accordingly, it sinks to the right, and to the left on turning 
to the left side, the sound invariably becoming dull at the deeper 
parts, and clear (tympanitic) in those which are for the time 
being uppermost and which are occupied by the movable mass 
of the intestines. Similarly the sound in the lower abdominal 
region, which in the upright position is rendered absolutely 
dull by the subsidence of the ascitic fluid to that part, clears 
considerably in the dorsal recumbent posture, as the effusion 
is then luore equally diffused throughout the abdominal cavity. 
This modification of the percussion-sound with the varying 
attitude of the body is quit© as positive an indication of 
the presence of free fluid in the abdomen as the sensation of 
fluctuation formerly described ; it is a point therefore of high 
diagnostic importouce, and one of which full advantage is always 
taken in the examination of cases of ascites. In doubtful cases, 
in which the effusion is limited to the deeper parts of the 
abdominal cavity, and is not abundant enough to yield the 
sensation of fluctuation, or to give riso to any very distinct 
muSliug of the percussion-sound, a comparison of the sounds 
obtained in the flanks in the dorsal recumbent posture and in 
the right and left lateral positions is of itself generally suflicient 
to justify a positive diagnosis. It is only when the peritoneal 
effusion is unusually abundant that the percussion-sound of the 
uppermost side does not become quite clear, as the whole of the 
fluid does not then sink to the lowest part of the cavity. Never- 
theless, even here the difference between the sounds is quite 
appreciable ; it is obvious also that it is precisely in these extreme 
cases of ascites that this diagnostic aid is of least moment as a 
method of examination, the nature of the affection being evident 
enough from the other signs. 

Percussion indicates also the level to which the effusion 
reaches in the abdominal cavity. Over the whole space taken 
up by tho fluid, as far as its margin, the sound is dull; above 
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this pointf in the region corresponding to the situation of the 
intestine, the Bound is clear, while the transition from dulneaa to 
perfect resonance is marked hy a zone in which the percussion- 

»2iote is mnftled. 
In cases in which the effusion is excessive in amoant it is 
sometimes found to he impossible, when the juvtient is in the 
erect posture, to determine with absolute accuracy the upper 
margin of the body of fluid, though it may usually be defined to 
within J— 1 ctm. of its actual limit ; this is owing to the muffling 

»eflect which the great tension of the upper part of the abdominal 
wall has on the percussion-sound. This degree of precision, 
however, is not demanded, as it is of no great practical value in 
deciding the question whether the fluid should or should not be 
discharged by operative puncture ; the most weighty consideration 
in this respect is the amount of pressure the fluid exercises on 
the diaphragm, and consequently the degree of dyspnii'a there is 
present, or the possible danger of suffocation. The operation is 
alw&ys performed at the most dependent part of the abdomen. 

Ascites may occur alone or may be associated with general tedema 
of the Bubcataneous cellular tissue. Ascites uncoiinuctod with any 
other form of fluid effusiou is observed iu those diseases of the ab- 
dominal organs which give rise to engorgement of the portal circulation, 
particalttrly in diseases of the liver (cirrhosis) and in the diflerent 
varieties of degeueration of the peritoneum, — cancer, and more rarely 
tabercolosiB. — Ascites ia also found accompanying general dropsy, 
whether the latter be dependent on congestion of the systemic veins, 
as in cardiac and palmonary afl'ections, or on diseases which lead to 
impoverishmcut of the blood in respect of albumen, such as nephritis, 
amyloid degeneration of the kidnoja, &c. In all these conditions 
ascites is observed only after oedema has appeared in other parts of 
the body, — in heart diseases, for example, usually only when the 
dropsical efi'usion Las reached as high as the thigh. — At^citcs is also 
often complicated by tedoma of the abdomnial wftlL — The possibility 
of misUtkimj oi'tintin dropsij for imcitrs^ which was referred to when 
treating of palpation (see p. 889J, arises only when the wall of the 
ovarian cyst is enormously distended with fluid, becoming so thin that 
it cannot be felt through the abdominal tisanes, the tumour then giving 
over its whole surface a uniform feeling of fluctuation. These affec- 
tions are distinguished from each other partly by the results of vaginal 
eiamination, by which means the cj'st may be reached with the flnger, 
and partly by percussing while the patient is placed in the various posi- 
tions already described ; in ascites the pi'rcmtsion mimd iitn'ts with 
every change of attitude on the part of the patient, in ontriitn drojisy 
it does ywt. Occasionally, however, the two conditions are combined, 
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the ascites arising either from 8ome cause independent of the ovarian 
affection or from the pressore of the orarian tumour on the portal vein. 
So long as tbe tumuor is of moderate dimensions the existence side bj 
side of both afiections may almost always be demonstrated by palpation 
and percussion : the cyst may be defined by palpation, while the pre- 
sence of the fluid- around it is shown by the percassion-dnlness to 
which it gives rise when the patient lies on her back, and by the 
change in the percnssion-eoand when she tarns to one or other side. 

In the event of the diagnosis being still doubtful even after careful 
physical examination, the manner in which the disease has developed, 
the prcBCDce or absence of morbid changes in the other organs, and 
many other incidental signs which may have a bearing chiefly on the 
particular case in hand, serve to distinguish clearly enoagh between 
ascites and ovarian dropsy. 

Encysted Peritoneal Effusions. 

These are formed by the adhesion of neighbouring parts to 
each other from inflammation of their peritoneal envelope, and 
the inclusiou of the inflammatory exudation within the space so 
shut in. Peritoneal effusion may be encysted at any point 
within the abdomen ; this occurs relatively most often in the 
ileocjEcal region, where it is caused either by inflammation of the 
cfficum and of the peritoneum, or by perforation of the processus 
vermiformis. 

The percussion -Bound at the parts at which the fluid is con- 
fined is dull or muffled, the intensity of the dulncss, other 
things beiny equal, beinjj dependent on the amount of the exuda* 
tion. The sound undergoes no alteration on chanj^ng the atti- 
tude of the body, a point which distinguishes it at once from free 
peritoneal eftusion ; fluctuation is wanting also, or is only feebly 
appreciable over a very circumscribed area. 

The ditTerontial diagnosis between encysted exudation and 
tumours, local afiections which may present substantially the 
same signs to palpation and percussion, is based on a considera- 
tion of the further details of the clinical examination, the history 
of the case, the origin and course of the disease, &e. 

Perccssion of the Kidnets. 

It is practically impossible to delimit the kidneys with any 
degree of precision by means of percussion. This fact is ex- 
plained by the anatomical relations of the organs. In the first 
place, those parts of the posterior abdominal wall which coincide 
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with the auatomical position of the kidneys, (the space iaciuded 
between the lower edge of the eleventh dorsal and the upper edge 
of the third lumbar vortebriP, according to Luschka), are covered 
by a thick layer of muscles, the sacrospinaiis and quadratus 
lumborum, which of itself produces a very considerable muffling 
of the percuasiou-sound. Further, the kidneys in the greater 
part of their extent are in immediate relation with organs which 
give a duU sound to percussion : thus, the upper end of the 
right kidney ia over-arched by the lower edge of the liver, the 
upper part of the left kidney borders on the spleen, the inner 
concave margins of both kidneys lie close to the transverse pro- 
cesses of the vertebra?, — all parts which are non-reaonant to 
percussion. At only two points are the kidneys in contact with 
air-containing organs : they are in apposition with the colon 
along the lower half of their external convex border and at their 
lower ends, at which spot therefore the dull renal sound and the 
tympanitic note yielded by the colon may be sharply defined from 
each other. The capaule of fat in which the kidneys are era- 
bedded should also be mentioned as one of the factors which 
tend to increase the uncertainty which attends the delimitation 
of the organs by percussion. When this fatty envelope is weE 
developed it may, according to the measurements of Pansch, be 
as thick below the kidneys as the kidneys themselves in their 
middle portion ; in such cases therefore, which are far from being 
rare, the renal dulness extends further dowTiwards than is in 
keeping with the position and size of the organs. In fact this 
dulness, notwithstanding that the lower end of the kidney comes 
generally only to within 8 — 5 ctm. of the crest of the ilium 

I (Pansch), often reaches to very near this bone, where it is lost in 
the tympanitic note given by the colon. 
From the foregoing account of the relations of the parts it will 
be obvious that at its upper and inner borders the kidney can not 
be delineated on the surface by means of percussion, that even at 
its lower end this can be accomplished only very imperfectly, and 
that the sole portion of the renal area that can be clearly marked 
off from the adjacent colon is its outer convex margin, from about 
the middle downwards, situated usually at 10 ctm. from the 
B spinous processes of the corresponding lumbar vertebrse. At this 
■ point the dull renal sound is exchanged fur the tympanitic note of 
the large intestine. 
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In very muscular subjects percussion of the kidneys yields 
absolutely do result M'hicb is of any practical diagnostic value ; 
this applies also to the practice of percussion in tboae whose 
tissues are loaded with fat, or who suffer from extreme distension 
of the bowel, engorgement of the liver or spleen, ascites, &c. 
Bearing in mind the many difficulties with which the examination 
of the kidneyg by percussion is surrounded, and the actual im- 
possibility of determining the size of the organs with anjlhing 
approaching precision, it will be readily understood why per- 
cussion should be so seldom resorted to as a means of diagnosis in 
renal diseases, and that its applicability should be limited almost 
exclusively to the rather rare cases of dislocated (movable, 
floating) kidney. In this condition the lumbar region on the side 
affected is sometimes clearer to percussion than the other ; in two 
out of six cases of dislocation of the right kidney which I have 
observed, the sound over a somewhat extensive ju-ea in the right 
lumbar region was of dull tympanitic quality, while in the four 
remaining cases no difference whatever was discernible between 
the two sides. In none of the other diseases of the kidneys is 
percussion employed as a method of physical examination, as the 
indications it furnishes are not reliable. The most common of 
the diseases of the kidneys, the various forms of nephritis, are 
recognised with so much ease and certainty by the changes to 
which they give rise in the urine and b}' the occurrence of dropsy, 
that aa a rule there is no necessity for faHing back on percussion, 
and there is the less occasion for it as the kidney, when inflamed, 
undergoes no such degree of enlargement as is discoverable lq 
this way. It is likewise impossible to demonstrate by percussion 
the contraction of the Iddney which takes place in the third stage 
of nephritis. There remain, therefore, as objects to which per- 
cussion of the kidneys may be advantageously directed, only the 
larger kinds of renal tumours, such as those due to hydronephrosis. 
The sound in such cases is dull over a very wide area ; even 
here, however, percussion is not indispensable, as the swelling 
may be distinctly felt with the hand through the abdominal 
wall. 

Percussion of the Bladder. 

The bladder, when empty, does not rise above the pubes ; when 
mdely distended wdth urine, however, it projects upwards from 
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the pelvis into the abdomen and forms in tbc hj'pognstric region, 
provided the skin of the part bo lax and soft, a pjriform elastic 
tamour which is readily detected by piilpation. — The percussion- 
sound over a bladder tensely distended %vith urine is absolutely 
duU. All risk of confounding such a swelHun; with any other 
patbolofHcal condition ia obviated by simply introducing' a 
catheter into the bladder ; if on account of the state of the parts 
{as from enormous hypertrophy of the prostate) it ia found to 
be impossible to pass an instrument, the question whether 
the tumour is or is not the bladder, — a question of prime im- 
portance, havinw in view the fact that in such cases puncture 
of the bladder is sometimes called for — may be settled by a 
consideration of the history of tho case, by the circomstance 
that for some time no urine, or hut a very small quantity, has 
been passed, and by noting that the swelling, in coiitradiatinction 
to that of ascites, retains the same dull percussion-sound in 
all the different attitudes that the patient assumes. The non- 
resonance to percussion distinrruishes this condition at once 
from intestinal meteorism. It occasionally happens, though 
comparatively rarely, that a coil of intestine becomes fixed 
between the bladder and the abdominal wall ; here the sound, 
on pereussitifT {rently, is of a tolerably clear tympanitic character, 
vtbat obtained in answer to a more forcible stroke being of a dull 
' tympanitic quality. The degree of distension of the bladder, if 
the upper end of the organ be not appreciable by inspection and 
palpation, is indicated by the upper boundary of the area of 
duLaess. 






Percussion of the Uterus. 



During pregnancy, or in cases of pathological enlargement, 
percussion of the uterus gives no information which cannot be 
elicited with much greater distinctness by palpation. The per- 
cussion-sound over the whole of the enlarged organ is absolutely 
dull. The womb, however, becomes accessible to percussion only 
when it has already become equally accessible to palpation, that 
is, when it rises out of tho pelvis into the abdomen. 

As a general rule the enlarged uterus lies immediately behind 
the abdominal wall, though in certain cases these parts are 
separated by coils of intestine, when the percuasion-sound takes 
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on the same modifications as that of the bladder under similar 
circumstances. 

The ntems after it has emerged from the pelvic cavity, and the 
bladder when it is fully distended with nrine, both give a diUl soimd to 
percussion, and may possibly therefore, though this is highly impn^ 
able, be mistaken for each other ; but the diagnosis presents no real 
difficulty as the vesical swelling rapidly disappears on passing a 
catheter and drawing off the retained urine, while the enlarged utenu 
gives to palpation a feeling of increased resistance which is quite 
distinctive. 




AUSCUIiTATION OF THE ABDOMINAL ORGANS. 

The phenomena observed on auacultating the abdominal organs 
pertain, with the exception of the Bouml heard over the uterus in 
the later stages of pregnancy, almost exclusively to the digestive 
apparatus ; they are constant in only a few isolated pathological 
conditions, and are as a rule merely accidental and irregular in 
occurrence, though at times they may also be produced at will. 
A mrthodicnl application of auscultation in tlio examination of 
the abdominal organs is thus scarcely practicable ; it is employed 
as a means of diagnosis only occasionally, therefore, when dealing 
with affections which are known to present signs appreciable by 
auscultation. It is of importance, however, to be acquainted 
with the various sounds which originate in the gastro-intestinal 
canal, as certain of them reach the ear when auscultating the 
lower part of the thorax and the cardiac region, where they 
sometimes accompany and modify the respiratory murmur and 
the heart-sounds and murmurs in such a way as to prove per- 
plexing to the inexperienced examiner, who is apt to consider 
them as sounds actually developed within the chest. 

Auscultation of the CEsophaous. 

This method of examination, recommended strongly by Ham- 
burger as an aid to diagnosis in diseases of the oesophagus, is 
based on the circumstance that the act of deglutition, whether 
the substances swallowed bo fluid or solid, ia attended by the 
production of certain characteristic sounds in the upper part of 
the alimentary tract. 

The cervical part of the cesophagus is best auscultated by 
placing the stethoscope on the left aide of the neck, close to and 
behind the trachea, at any point between tho hyoid bone and the 
supraclavicular fossa ; murmurs arising in the thoracic portion 
are most readily recognised close to the left side of the spine, 
from the level of the last cervical to the eighth dorsal vertebra. 

In normal conditions there is heard in the cervical portion of 

2 fi 
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the CDsophagus a ringing gurgling Bound when fluid is swallowed; 
a similur sound, but weaker, is audible over the thoracic part. 
In stetums of the oesophagus, whon the constriction is so great 
that even Huid passes slowly and with difficulty, it is sometimes 
noticed that below the stricture the sound follows deglutition at 
an abnormally long interval and is also to some extent enfeebled, 
but these signs never occur with such regularity or constancy as 
to enable one to determine tho precise point at which the cab&I 
is narrowed. The fact that in such caacs fluid takes a longer 
time to reach the stomach and enters it more slowly is also much 
more clearly appreciable on auscultating in the epigastrium than 
over the thoracic part of the ffisophagus. In a case of inversion 
of the viscera which I examined the situation of the cesophagos 
to the right was indicated by the presence of deglutition-mur- 
murs on that side of the neck aud their absence on the left. A 
much more marked murmur, and one therefore much better 
adapted for auscultation, is generated by drinking fluids than by 
s wallowing solids. 



Auscultation op the Gastro-Intestinal Cakal. 
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The phenomena revealed by auscultation of the gastro-intes- 
tinal canal consist of murmurs, of which some are spontaneous 
while others (and the greater number) are produced voluntarily. 
The presence of fluid in the stomach or bowel is necessary to 
the existence of these murmurs ; they are in a few rare cases due 
to other causes, which will be mentioned further on. On agitat- 
ing iho fluid contained in the stomach or intestine by pressing 
repeatedly and quickly on the abdomen, a loud ringing metalhc 
splashing or gurgling sound is heard, which may be detected 
without bringing the ear close to the abdominal wall, or even at 
some distance from the patient. It is identical with the Hippo- 
cratic Buccussion-sound obsen'ed in pneumothorax, or the sound 
caused by shaking up fluid in a jug, and is ascribable to the 
same physical conditions, — the agitation of fluid and air in ft 
closed cavity presenting the conformation, &c., necessary to the 
development of ccmsotmnec. 

These murmurs, particularly those arising in the stomach, 
are very frequently noticed, in perfectly healthy persons shortly 
after food or a large volume of fluid has been taken, when the 
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contents of the stomach are thrown into commotion by making 
sudden pressure on the upper part of tho abdomen. They also 
sometimes originate spontanooualy, independently of any mecha- 
nical disturbance of the parts adj'oining the stomach, but are 
then scanty and feeble and audible only through tho stetho- 
scope or with the ear applied directly to the surface. They not 
nnfrequently seem to depend on the upward and downward 
movement communicated to the stomach during respiration. 
Even the simple movement of the parts concerned in the act of 
deglutition may be accompanied by a scanty murmur, appreci- 
able on auscultating the stomach, and closely resembling tho 
ringing metallic rales ; on actually swallowing a little fluid, 
moreover, these sounds increase greatly in intensity. 

The spontaneous gastric murmurs above mentioned are some- 
times so distinctly audible over the posterior lower part of the 
thorax and in the cardiac region that one unskilled in auaculta* 
tion, when examining these parts, might very readily fall into 
the error of regarding them as true pulmonary metallic rtilea ; 
their generally rapid disappearance, however, their irregularity 
with respect to the period of respiration at which they occur, and 
the fact that they are heard even when respiration is suspended, 
are all points which suffice to stamp them as murmora arising in 
the stomach or in the adjacent portion of the colon. 

When the stomach, dilated from pathological causes, contains 
a large quantity of fluid as well as gas, and when in addition to 
this its walla are soft and flaccid (as they generally are), sudden 
pressure in the upper abdominal region gives rise to numerous 
ringing splashing or gurgling sounds, frequently audible even at 
a distance, — sounds which, in proportion to tbe violence of tha 
disturbance of the stomach, are distributed over a large part of 
the abdominal surface superiorly or even, as I observed in one 
case, over nearly the whole of the abdomen. This physical sign, 
together with others already mentioned, is diagnostic of dilattition 
of the stomach or of that condition of the organ in which food 
and fluid are detained in it for an unusually long period. In 
such cases also a number of fine rales may be detected on auscul- 
tating, without making any pressure with the hand on or near 
the epigastrium ; these spontaneous rales are doubtless due to 
fermentation of the contents of the stomach and the conse^juent 
formation and bursting of bubbles of gas. 

2 b2 
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Gurgling or spIaBhing Bounds similar to those arising witliin 
the stomach may be produced also in the inteaiine, when its 
contents are thin and watery, by shaking and pressing upon the 
abdomen. This is observed in ail cases of diarrJura ,- it is the 
louder the greater the quantity of fluid, and is therefore exceed- 
ingly well marked in cholera, in which the paralysed intestine is 
often found enormously distended with watery discharge. This 
gargling may be audible over the whole abdomen — though not 
usually in equal intensity at all points — or only at certain parts. 
Of those coming under the latter categorj', the circumscribed 
intestinal sounds, the most note-worthy from the diagnostic 
point of view is that elicited by pressure and limited to the 
ileo-cacal region, occurring especially in typhoid fever, but met 
with also in simple catarrh of the ileum and csecum. — Gurgling 
may also be developed spontaneously within the bowel in cases 
of diarrhoea, when the fluids are urged quickly onward from one 
part of the intestinal tube to another by powerful peristaltic 
action or when the bowel is compressed by the contraction of the 
abdominal muscles ; in these circumstances the action of the 
muscles of the abdomen and intestine gives rise to the same phe- 
nomena which in the cases mentioned above are mechanicallj 
excited by the force of the hand of the examiner. 

Such sounds, however, do not depend solely on the presence 
of fluid in the intestinal canal ; they may be caused by the rapid 
passage of (las through the bowel, as the result of increased 
peristaltic action. 

With these rumbling noises [horhorygmi], in Germany described 

onomatopoietically by the terms " kollem, poltcrn, gurren," every 

;' one is sufficiently familiar ; they are often heard when the stomach 

and bowel are empty, as after a prolonged fast, very frequently 

Lin diarrhoeal conditions they are the immediate precursors of an 
evacuation of the bowels, while in many who are subject to flatu- 
lence their continual occurrence becomes a troublesome and 
annoying habit. In diarrhoaa they are sometimes accompanied 
by colicky pains passing rapidly over the abdomen in the direc- 
tion of the colon. Not unfrcfjuently they cease spontaneously, 
but relief is complete and lasting only when the wind escapes 
by the anus. 
In cases of perforation of the bowel, murmurs of a blowing 
mnphoric character may b© developed, when the opening is suffi- 
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ciently wide to pennit of the free mtercommunication of the gases 
contained in the intestine with those which have already entered 
the peritoneal sac. These souncJB are synchronous with the 
respiratory movements, and are louder in inspiration than in 
expiration (Tschudnowsky) ; it is to the inspiratory descent and 
the expiratory ascent of the diaphragm that they are to he 
ascribed, as by the former the intra- abdominal pressure is greatly 
increased and a quantity of gas driven through the opening into 
the peritoneal cavity, while by the latter the pressure is relieved 
and a certain proportion of the gas caused to re-enter the 
bowel through the perforation. This amphoric sound, on the 
other hand, when it is not spontaneously audible and does not 
happen to coincide with the reflpiratory movements, may be 
artificially produced by exercising andden rapid pressure on the 
abdomen and at the same time listening either with the ear 
applied directly to the surface or through the stethoscope ; the 
gas is displaced from the parts under the hand, a portion of it 
passing into the intestine when the perforation is still patent 
and of sufficient width (Soramerbrodt). If, however, the opening 
in the bowel be small, as it most commonly is, or closed up by 
inflammatory products, no trace of these amphoric sounds can 
be discovered ; but aa in peritonitis from perforation of the 
intestine the cavity contains not only air but a variable amount 
of fluid, a ringing titettilUc splashing sound (abdominal succusBion) 
is heard on pressing firmly and quickly on the abdomen, or on 
grasping it between the hands and shaking it, — provided such 
rough handling is bearable, considering the acuteness of the pain 
by which these cases are usually characterised. The severity of 
the symptoms which accompany peritonitis from this cause 
affords a ready means of diatinguishing these sounds from the 
splashing or gurgling developed in the stomach or intestinal 
canal. The sounds of the abdominal aorta also acquire a 
metallic quality when the peritoneal sac is filled with gas. — 
Sometimes, though rarely, the evolution of gas, taking place 
within closed abdominal cavities containing pus, {encysted 
exudations, cysts), gives rise to similar splashing sounds 
(Laboulb6ne, Gerhardt, &c.). 

The peritoneal friction-murnmrx which are roet witb in certain cases 
are palpable as well as audible, and Lave already been discassed in the 
chapter on palpation (see p. SSQ). — It should be meDtioned also that 
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occasionally, on pressing on the gall-bladder when it is occupied by » 
number of large calculi, the ditikituj of these against each other may 
be felt and heard. 

Vascular murmurs are also sometimes observed in coses of abdominal 
tumour. They are most commonly associated mth tumour of the uterus 
(occurring, according to Spuueyr Wells and Winckel, in about one-half 
the cases), more seldom with ovarian tumour; Winckel and Hirschfeld 
report having detected them in subjects suffering from tumour of Uie 
Bpleen, and Leopold has heard them once in hepatic cancer. Their 
arterial origin is shown by their being synchronous with the pulse 



Auscultation op the Gravid Uteeds. 



The aim of auscultation of the gravid uterus is the detection 
of the sounds of the foetal heart and the placental murmur. 

The mmmU ofthcj'a'tal heart, discovered by Mayor, of Geneva, 
in 1818, are fu-st appreciable towards the end of the fourth month 
of pregnancy. At this period they are feeble, but subsequently 
they gain considerably iu volume ; they are most often heard on 
the left side of the mother, from the great frequency of the firct 
cranial presentation, in which the back of the child ia turned 
forwards and to tho left. Their presence proves conclusively 
that the child is alive, their absence that it is dead, auscultation 
thus furnishing an important indication for the adoption or the 
avoidance of operative interference with the process of delivery. 

The place uUd murmtir, dibcovered by Lcjumeau de Kergaradec, 
ia 1822, is a sound which is synchronous with the arterial pulse, 
but is frequently of slightly longer duration, particularly when 
the abdomen is somewhat forcibly pressed upon with the hand. 
It is not of equal intensity at all points on the surface of the 
womb, being louder sometimes to the right side, sometimes to 
the left. It is heard in tho second half of pregnancy, being at 
first very faint, but afterwards of greater intensity. It is de- 
veloped in the dilated uterine arteries, at the part at which they 
terminate in the uterine veins. 



^ 





The points to be noted in examining the urine aro its quantity, 
colour, reaction, specific gravity, and the occurrence in it of 
ftbno rmal constituents. 

^^^ Quantity of the Urine, 

" This is very variable even in perfect health, and depends 
chiefly on the amount of fluid taken by the patient and on the 
gfreater or less abundance of the excretion of water by the 
BudoriparouB glands of the skin. If the consumption of fluid be 
moderate and the cutaneous transpiration slight, as in winter, 
the quantity of urine passed by an adult in the twenty-four hours 

■amounts on the average to about 1,500 ccm. 
The urine is diminished in quantity in all febrile aftections, in 
the stage of failure of compensation in diseases of the Lciirt, and 
frequently in the diSerent forms of 7iephrUi8 (though in the 
latter class of cases it sometimes remains normal in volume) ; it 
is, further, reduced in a number of other disorders, and occa- 
eionallj even in health, from causes of only temporary duration, 
^Ho be mentioned in detail further on.— The quantity voided in- 
the twenty-four hours may, in extreme cases, sink to one-fourth 
that passed normally ; at times even, as in the stage of collapse 
in cholera, and now and then also in scarlatina, almost complete 
anuria may be observed. — The cause of this diminished excretion 
is either that the quantity of blood in circulation is unusually 
small or that the blood itself is deficient in water, the pressiue 
within the renal arteries being in both cases reduced to a mini- 
mum. When in the later stages of cardiac disorders the com- 
pensatory changes in the heart's structure fail to completely 
overcome the obstacle to circulation, the venous system becomes 
overloaded, the arteries, and among them those of the kidneys, 
contain less blood than normally, and the excretion of urine 




376 



A HANDBOOK OF PHYSICAL DIAQNOBIB. 



iturally goes on but slowly ; the 



xnty also in other 




urme is sc( 

conditions in which the hlood is not sufficiently fluid, either from 
the escape of its watery constitueiita through the walls of the 
veins, from increase of the cutaneous transpiiation, or frequently 
as the result of the undue abstraction of water from the system 
by the very abundant and thin discharge from the bowel in 
diarrhcea and the allied affections. Diminution in the amount 
of urine excreted, with whatever form of disease it may be as: 
ciated, and whether it be only a passing complication or a 
phenomenon of a more persistent character, may generally be 
easily accounted for by a careful consideration of the series of 
causes just enumerated. 

The flow of urine ia greatly augmented m diabetes mellitus 
and diabetes insipidus, the iatense thirst from which the 
patieuts^sufler causing them to drink very freely of water ; the 
amount passed daily may increase to three, four, or even eight 
times that of a healthy person. 

A moderate increase in the quantity of the urine may often 
be produced by stimulating the kidneys by the employment of 
diuretics ; diuresis also appears when, from any cause, the 
arterial pressure is raised. 

Colour op the Ubine. 

Normal urine varies in colour from pale yellow to clear amber 
yellow or yellowish-red, the precise shade being determined by 
the greater or less abundance of the urinary pigments or by 
the degree of concentration of the urhie. It has been calcu- 
lated that in a healthy urine of clear amber colour there are 
eight parts of colouring matter to every thousand of fluid, and in 
a yellowish-red urine sixteen parts to the thousand (Vogel). 

Normal urine contains at least two pigments, possibly more. The 
best known of these is urobilin, first separated by Jafl'e; it resembles 
the colotiriDg matter of the bile (biiimbin), is allied to hajmatin, and is 
fouud in the contents of the inteeliuo and in foical masses, which owe 
to it tlieir brown coloratifin (Vanloir and Masins, Maly). Hoppe-Seyler 
ftflirms, however, that urobilin is not one of the actual constituents of 
the urine, but that the colour of the excretion is due to only one snb- 
stance, from wbith, after it has been precipitated by acetate of lead 
and again separated from the lead by sulphuric acid and alcohol, urobilin 
is fonoed by gradual epontaneoua oxidation. — Another pigment, wro- 
nifthnn (or purpurin) gives to the sediment of uric acid and the urates 
its yellowish-red or brick-red colour. 
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The Tirine becomes rciidish iieUoir or red in all febrile diseases, 
cbielly from the increased formation of the red colouring matter 
but partly also from the scantiness and consef|uent concentra- 
tion of the urine in fever. This reddish tint is also observed, of 
various degrees of intensity, in chronic aBections, when the 
Tolume of urine excreted diminisbca to any very marked extent, 
particularly in the stage of failure of compensation in cardiac 
disorders. — The urine may, on the contrary, be abnormally ptde 
from absolute deficiency of pigment; this occurs frequently in 
convalescence from severe acute diseases, in anoimic cLlorotic 
conditions, and as the result chiefly of dilution in both forms of 
diabetes. 

Of the abnormal colouring matters which may bo present in 
the urine the most common are those of the biliary secretion and 
the blood. 

A large proportion of biliary pigment (bilirubin) gives to the 
urine a brownish colour, with an occasional admixture of 
yellowish green or brownish green ; an abundant foam, the 
yellow or greeu hue of which is more evident than that of the 
rest of the urine, forms on its surface when shaken. Strips of 
linen or blotting-paper dipped in sach a urine at once take on a 
marked yellow coloration. — The most convenient test for biliary 
pigment is that proposed by Gmelin, in which the extremely 
delicate reaction of bilirubin on impure nitric acid (that con- 
taining nitrous acid) is made use of, the test duid being prepared 
by adding to a small quantity of the chemically pure nitric acid 
a few drops of the fuming acid. The icteric urine is poured 
slowly, drop by drop, down the inside of the test-tube at the 
bottom of which lies a little of this impure acid, when at the 
point at which the fluids meet will appear a series of beautiful 
rings of colour arranged in the following order : the upper ring 
is bright grass-green, the next below it blue, the others in Bac> 
cession violet, red, and yellow. 

Usually only the green, violet, and red rings are constant and retain 
their colour for any length of time, the bine and yellow being often 
indiatinguisbablj mixed np with the other shades. The green ring is 
the only really characteristic indication rf the presence of biliary pig- 
ment, as tbo otlier colours, especially the reddish- violet tints, appear 
also in urine containing no bile, on the addition of strong nitric acid, 
the change, in the latter case, showing that another pigment, indican, 
is present. The more slon-ly and carefully the utiaa is added to the 
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nitric acid in the tabe the broader will be the upper green ring ; the 
green coloration is also the more intense the more bilirabin there ifi in 
the iirine. — On allowing a drop of nitric acid to fall on blotting-paper 
previously stained with the icteric xirine a, similar green- coloured rii»g 
is obtained. 

If the biliary pigment be present only in traces it may be eeparated 
and recogaised by shaking up a quantity of the urine with chloroform; 
the latter dissolves out the bilirubin, acquiring in this way a yellowiah 
colour; being BpeclEcally heavier than the urine, also, it falls to the 
bottom of the glass. — Ultzmann has recently stated that in cases in 
which the other ordinary testa fail, bilirubin may be detected in the 
urine in the following simple way : 10 ccm. of tbe suspected urine are 
mixed with 3 — 4 ccm. of pure concentrated potash lye (1 : 3 of water), 
and neutralized and iinally acidified by adding to it piu'e hj'drochlone 
acid; as the fluid becomes acid a beautiful emerald-green coloration 
is developed. — A very striking green coloration is produced on the 
addition of a few drops of tincture of iodino to the icteric urine (W. 
Smith). 

Bilirubin is found in the urine in all affections attended by jaundice ; 
it may disappear from the urine, however, while the icterus still per- 
eists. — TraccB of the biliary acida also usually accompany the bihary 
pigment in the urine. 



Blood communicates to tbe urine a decided red colour, tbe 
depth of which depends on the proportion of the abnormal 
clement present. If the blood has been di£fused through tbe 
urine for some time, and its colouring matter in this way 
altered, the urine may be reddish brown, brownish black, or 
even inky black. The colour presented by the urine, even when 
the blood-pigment has imdergoDO change, and also when tbe 
quantity of blood contained is but smaU, is usually so character- 
istic tbat it is almost impossible to mistake it for any other 
variety of abnormal coloration (such as that caused by the in- 
crease of the normal urinary pigment observed in fever, &c.) 

The colouring matter of the blood (oxybajmoglobin) is always 
liberated from the corpuscles and dissolved by the fluid basis of 
the urine ; it is only in those instances in which the proportion 
of blood present is exceedingly large, in which accordingly the 
process of diffusion between the urine and the blood globules is 
practically arrested, that the red corpuacles still retain their 
pigment. When urine containing blood is allowed to stand 
some time, the corpuscles subside to the bottom of the vessel as 
a red sediment. — Microscopic examination shows the blood disks 
either distended and more or less pale in colour, or shranlmi 
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\taxd. crumpled and of the irregularly dentate outline which they 

iBssome in saline solutions. Some cases are met with, however, 

in which, notwithstanding that the urine is of a deep blood red 

^mtolour, tJie hluod corpuscles arc completely wantitiff, even in urine 

^pfreshly passed. This variety of the affection is designated 
heemoglobinuria. It indicates that the disintegration of the 
blood globules has taken place within the organism itself, the 
liberated colouring matter then passing directly into the urine. 
The causes which bring about this destruction of the corpuscles, 
and in this way produce temporary or persistent biemoglobinuria, 
are still obscure.* 

In those cases in which the uriuo has a reddish blood colour 
but shows no trace of corpuscles on microscopic examination, 
the presence of the blood pigment may be readily demonstrated 
by certain chcmicfd reactions, and more clearly still by spectnim 
analysis. Of the various chemical reactions given by the colouring 
substance of the blood probably the easiest to obtain is that 
observed on boiling the urine after adding to it a little caustic 
soda or potash ; brownish red coagula are formed, cousiating of 

B the precipitated phosphates and haeraatin (Heller). The slightest 
trace of oxyhfEmoglobin in a fluid, even as little as 1 part in 10,000, 
is recognised in the spectroscope by the appearance of two separate 
absorption-bands between Fraunhofer's lines D and E in the 
•yellow and green of the spectrum. After urine containing blood 
has stood for some time the oxyha;moglobin is gradually 

H transformed into methtemoglohin ; this is simply one step in 
the series of changes through which oxy haemoglobin passes in 
breaking up into hiematin and albuminous matters. Such a 
orine is reddish brown in colour, and shows in the spectrum 
only one absorption -band, between the lines G and D. In 
those urines also which contain blood but from which the red 
corpuflcteB have disappeared the oiyhsemoglobin is converted 
into methsBmoglobin. 

The blood which is mixed with the urine may be derived &om 
any part of the urinary tract ; at one time it is observed only in 

* Haemoglobinaria L&s been observed in ecarvy, septic fevers, and sulphuric add 
poisoning, occanion&Uy as one of the effects of the inhalation of ar«eniuretted hjdrogen 
(Vogel), and in a case resembling; intermittent fever (Secchi). In animals (rabbits) 
the sabcataneont injection of glycerine ia followed by a red aangatneoua staining of 
fhe orine (Lachaingcr), which ia caused, oa I found, not by the prenenoe of the red 
corpaadea tbemaelTeei, bat simply by the oolouting matter of Ibe blood. 
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traces, at another tbe urine seems to consist almost exclusively 
of a perfectly sanguinolont lluul. 

Tbe quantity of blood discbargefl is by no means a sure guide 
to tbe part from wbich it comes, tliis being indicated rather by 
the symptoms and appearances as a whole and by the result of 
microscopic examtnation of the urine ; thus, the hffimaturia is 
obi'iously not due to kidney affection if on repeated examination 
no casts or epithelial scales from the tubuli uriuiferi are found. 



Several other urinary pigments have been observed, all of them re> 
snltiug from tbe decomposition of certain of tbe normal constituents of 
the urine. Of these the most important is inJican. Indican occura 
in small quantitiea in every urine ; in decomposing urine it is often 
seen as a bluish red glittering appearance or as a blue pellicle floating 
on tbe surface. Tbe best method of demonstrating the existence of 
indican in tbe urine is that devised by Jaffe : to tbe urine is added an 
equal volnme of hydrochloric acid, and then a few drops of a strong 
solution of chloride of lime, when the indican is decomposed, indigo is 
formed, and the urine takes on a blue coloration, which is tbe deeper 
the larger the proportion of indican present. If the indican be very 
abundant, a Euccnlent precipitate of indigo-blue (uroglancin) is thrown 
down. Hclter's teat for indican, ^ — mixing equal volumes of urine auJ 
fuming hydrochloric acid, and beating the mixture over a lamp, — gives 
a beautiful reddish violet coloration (indigo-red, urrhodin), the intensity 
of wbich varies with the amount of indican in tbe urine so treated ; 
if this be unusually large the indigo is separated by this method also 
as a blue precipitate. 

Increase of the indican takes place very frequently in tbe most diverse 
diseased conditions, particularly in conitumptiie affections and all 
disorders accompanied by much debility (Heuator) ; to this category 
belong diseases of the stomach and bowels, especially cancer of tbe 
stomach, ileus, peritonitis, phthisis, &c. Tbe quantity of urinary 
indigo may rise in ileus and difl'use peritonitis to 50 — 100, or even 
150 miljigrammes per day, the normal amount being only 5 — 2U 
milljgrammes daily (Jaffe). 

Bnnnt or iythj black pigments sometimes appear in tbe urine of 
patients sulferinj^ from iiteiauotir amen. When recently voided such 
urine is generally still free of any brownish discoloration ; this is 
developed on!y after the urine has for some time been in contact with 
the air, or on adding to it oxidising substances such as chlorate of 
potash, chromic acid, nitric acid, ka. It is not yet certain whether 
this brown or black colouring matter is really of pathological origin or 
is merely otie of the normal nrinarj' pigments present in unduly great 
quantity ; it is most probably tbe former, however, as it difl'ers from 
tbe other familiar coloaring substances found in tbe urine in offering 
greater resistance to their usual solvents (Gangbolner). 

There is still another brown pigment sometimefi discovered in the nrine^ 
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and doe to the presence of catechin ; it is fonned only after the orine 
has stood for a conBidorablo period in contact with the air or when 
decomposition is beginning, and has hitherto been observed in only 
a few cases in the human subject (Muiler and Ebstein, Rajewsky, 
Batimann). A urine containing this substance becomes intensely 
green on adding to it one drop of chloride of iron, and this colour 
changes to violet on the further addition of ammonia or the bicarbonate 
of soda. 

The urine may also inciilentally and temporarily be abnormal 
in colour after the internal administration of certain medicines ; 
after rhubarb and senna it becomes brownish red (from the forma- 
tion of chrysophanic acid), almost hlack after inunction with tar 
and! particularly after the internal use of carbolic acid, and yellow, 
like the urine in jaundice, after santonin. 

Reaction of the Urine. 

This is usually acid .- blue litmus paper dipped in the arine is 
coloured red, while red litmus paper remains unaffected. The 
acid reaction is owing chiefly to the acid phoapkatc of soda which 
the "urino contains, though sometimes it may he partly due also 
to free uric acid and acid urates. 

The degree of acidity is even in normal conditions very 
▼ariable, and is estimated according to the intensity of the red- 
dening of the blue litmus paper. Urine of very acid reaction 
is often associated with inflammatory febrile diseases, especially 
with acute articular rheumatism, &c. 

The urine becomes alkaline after exposure to the air for some 
days. The occurrence of this change, which has been designated 
alkaline fermentation, is favoured by a high temperature ; it is 
caused by the decomposition of the urea of the urine and its con- 
version into carbonate of ammonia, probably under the influence 
of the fungus-germa and bacteria which are suspended in the air 
and which drop thence into the urine. Alkaline urine renders red 
litmus paper blue, has a powerful smell of ammonia, and gives a 
white vapour of chloride of ammonium on holding over it a glass 
rod dipped in hydrochloric acid. 

Even directly after emisaion the urine may, in a variety of cir- 
cumstances, give for a longer or shorter period an alkaline or 
neutral reaction ; in the latter case it does not change the colou 
of either red or blue litmus paper. The urinary secretion is 
alkaUsed by the prolonged internal administration of carbonate 
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of soda or potash {in alkaline mineral waters), or of the alkaline 
salts of the vegetable acids (in varions kinds of firuits), all of 
which appear in the urine as alkaline carbonates. The reaction 
of the urine is found also to depend to some extent on the secre- 
tioi; of the add gastric juice; if the acids needed for digestion 
be fin animals) neutrahzed by the exhibition of carbonate of lime 
or magnesia (Maly), or if they be removed from the stomach bj 
washing (Quincke) , the urine speedily becomes neutral or even 
alkaline. The fact also that the acidity of the gastric juice is 
expended on the food accounts for the neutral or feebly alka- 
line reaction of the urine so often noticed for a few hours after a 
meah In diseases of the stomach, in which from many causes 
(aa from frequent Tomiting) very little of the gastric acid is 
retained, the urine is not uncommonly distinctly alkaline. It is 
still more markedly alkaline when loaded with pus, — in catarrh 
of the bladder, in pyelitis, &c., — when it may, even when 
recently voided, have a strong ammoniacal odour ; if the quantity 
of pus be moderate, however, the urine does not usually become 
alkaline^ but much more feebly acid than in health. Alkaline 
fermentation of the urine may sometimes be set up within the 
bladder by the introduction of a catheter which has not been pre- 
viously made scrupulously clean. Urine which is alkaline when 
passed is invariably opaque and turbid, from precipitation of the 
phosphates ; recent urine, when alkaline, may even contain crystals 
of ammoniaco-magnesian phosphate, exactly as in the case of 8 
urine which has undergone alkaline fermentation outside the body. 

Specoto Gravtty of the Ukine. 

The specific gravity of the urine is estimated by means of the 
araeometer (tho urinometer). This instrument is placed in a 
cylindrical vessel filled with the urine to be examined, in which 
it should swim freely ; it sinks the deeper the lighter tho urine, 
and vice versd. The density is indicated by the number on the 
graduated scale which, when the instrument cornea to a state of 
rest, is found to bo on a level vrith the upper surface of the fluid. 
Normally the specific gravity of the urine varies from 1016 — 
1020, that of distilled water being regarded as 1000. 

In disease the density of the urine may mount to 1040 or sink 
as low aa 1005 ; in many cases even these limits are con- 
aiderably overstepped. 
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The specific gravity of the mine risest to 1025 or even a slightly 
higher point, in febrile diseases. This is the result chiefly of 
increase of the excretion of urea ; it seems also to be owing 
partly, bat to only a very limited extent, to increase of the other 
solid urinary constituents {the urates). Some of the solid 
elements of the urine may eren be diminished in febrile condi- 
tions ; thus, in inflammatory exudative diseases, especially in 
pneumonia, the chlorides may almost or entirely diaappciar fi-om 
the urine (Redtenbucher)^ The degree of dilution of the urine 
also takes an important place among the factors which determine 
its specific gravity. If tlie same weight of solid matters be at 
one time dissolved in a large volume, and at another in a small 
volume of water, the density of the fluid in the former case falls, 
and in tbe latter case rises. The amount of water in the urine 
is reduced in fever, and in all those conditions which are followed 
by dropsy and ascites, — in the stage of failure of compensation 
in heart diseases, in affections of the liver, &c. ; in these dis- 
orders therefore the density of the arioe is increased, a specific 
gravity of 1030 being generally reached, but not commonly 
exceeded. Urines which, from deficiency of water, the absolute 
quantity of solid constituents being either unaltered or possibly 
increased, possess a density so high, are invariably dark in 
colour. 

But there is another condition in which, notwithstanding that 
the watery portion of the secretion is greatly augmented, the 
density of the urine rises, from the presence of gugar along with 
the normal urinary solids. Such a urine is distinguished from 
those just described by its perfect cleai'ness and its pale yellowish 
colour. Tho lowest density of urine containing grape sugar 
{diabetes meEitus) is about 1030 ; usaally it ranges from 1032 — 
1040, seldom rising above 1040 — 1050, and only in tho very 
rarest cases reaching 1060 — 10G5 (Seegen). The specific gravity, 
however, is not exactly proportionate to tho amount of sugar 
present, being influenced also by the other solid constituents of 
the urine, whose quantity may be simultaneously increased or 
diminished. The proportion of sugar contained in tho urine 
cannot thus be inferred with absolute certainty from its specific 
gravity. 

Tho density of the urine is sometimes lowered temporarily in 
perfect health, after a large draught of water, the total quantity 
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of urine secreted being in proportion to the amoant of fluid 
taken ; the density may from this cause rapidly fall even to 
1006. If, however, the specific gravity sinks, notwithstanding 
that the urinary secretion is not augmented, we have before us a 
fact of distinctly pathological signification. This is observed in 
anaamic conditions, and frequently also in nephritis ; the lower- 
ing of the density is here due principally to diminished separa- 
tion of urea by the kidneys. — Decrease in the density of the 
urine occurs also in diabetes ins'ipidue, from pathological increase 
of the watery part of the urine, independently altogether of any 
alteration in the excretion of urea or of the other solid con- 
stituents. — All urines of low specific gravity are pale. 

Trapp's formula furnishes a ready method of estimating 
approximately the solids held in solution in the urine. If the 
two last figures of the specific gravity be multiplied by 2'8, the 
product indicates in grammes the amount of solid matters present 
in 1000 ccm. of the urine ; thus, if the density be 1015, 1000 
ccm. of such a urine will contain 34 "5 grammes of solids. 

The solid constituents of the urine consist of about equal parts 
of iitorgatiic salts and urea. Of the former, the chloride oj 
sodbini occupies the first place, being excreted to the extent of 
10 — 15 grm. per day; the sulplwtes amount on the average i& 
2 grm., the earthy phosphates to 1 grm., in the 24 hours, while 
the salts of ammonia are detected only in traces. — Of the organic 
urinary solidi the most important ia urea. It constitutes 2i — 3 
per cent, of the urinary secretion ; the other organic elements 
are much less abundant, § — 4 g"iQ- of kreatininc, 0"2 — 1 grm. 
of uric acid, § — J gnn. of hippitric acid, being discharged in 
the twenty-four hours. The urinary pigments have already been 
discussed. — Several other organic substances (xanthine, oxalates, 
&c.,) occasionally appear in the urine, but only in minute traces. 

Abnormal Subbtasceb in the Urine. 

Albumen. This substance passes from the blood into the 
urine when the blood pressure within the renal veins is increased, 
whether from inflammation of the kidneys (which is the com- 
monest of all the causes of albuminuria, and gives rise to the 
phenomenon in its most fully developed form) or as the result 
of diseases of the circulatory, and sometimes also of the respira- 
tory apparatus, when they produce engorgement of all the 



ALBUUISTKIA. 



385 



systemic veins, and, among them, of the renal veins ; or the 
albumen is one of the signs of the presence of extravasated blood 
or of pus, which may be mingled with the urine at any part of 
the uropoietie system ; or, finally, it may proceed from other 
secretions which may have gained admission to the urine acci* 
dentally. 

The presence of albumen in urine is demonstrated by precipi- 
tation. In urine of acid reaction the albumen is thrown down 
on heating to the boiUng-point, by the addition of nitric acid, 
&c. To ensure accuracy it is better to employ both methods, 
heating and the use of nitric acid, in examining for albumen, as 
the phosphate of lime falls as a white precipitate on simply 
warming the urine, but is again dissolved on adding a few drops 
of the acid, when the urine becomes clear ; albumen which has 
been precipitated by boiling, on the contrary, is unaffected by the 
nitric acid, or if the first part of the process baa been inauflScient 
to coagulate the whole of it the acid completes the precipitation. 

»0n the other hand, neither is the simple addition of nitric acid 
to the cold urine a test which is absolutely free from fallacy, as 
it produces a slight degree of turbidity in the presence of urates ; 
this cloud is cleared away, however, if the urine be non-albu- 
minous, on applying heat, as the amorphous urates are in this 
teay at once dissolved. When the precipitate is abundant it is 
always easy to decide, even by simple inspection, whether it con- 
aists of albumen, phosphates, or urates : coagulated albumen 
takes the form of a white fiocculeut precipitate, the phosphates 
have the appearance of a more uniform whitfi sediment, while 
the urates are readily recognisable by their yellowish-red colour. 
As albumen is thrown down by heat in acid urine only, and 
cot, or only in small quantity as compared with the actual 
H amount present, in urine which is alkaline, the reaction of the 
urine should always bo ascertained before boiling, and if it turn 
out to be neutral or alkaline it should be acidified with a drop or 
H two of acetic acid. 

Albuminous urines are seldom perfectly clear, the cloudiness 
by which they are pervaded being caused by the various figurate 
organised elements which such urines generally contain. If the 
turbidity be considerable, and the urine be but very slightly 
albuminous, it is desirable to apply the flame of the lamp to only 
the upper layer of fluid in the test tube, as this renders the 
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contrast between the increased cloudiness of the warmed nppei 
portion and the unchanged appearance of tlie lower portion of 
the urine the more apparent. If the cloud produced by heat be 
80 indistinct as to leavo it still doubtful whether or not it is 
really due to alhumen, a portion of the recently passed nrine 
must bo filtered aud the clear filtrate examined for albumen. 

The daily loss of albumen in iuflammatory affections of the 
kidneys is exceedingly variable, amounting to 5 — 10 grm. in the 
less severe cases, and 15 — 20 ^m. in those in which the disease 
ia of greater intensity ; tho urine is occasionally so loaded with 
albumen that almost the whole of the fluid in the tube is changed 
into a firm coagulum on boiling. To observe whether the ex- 
cretion of albumen is on the increase or the decrease, the teat- 
tubes containing the different specimens of urine examined from 
day to day should be set aside in an upright position, and the 
depth of the layer of precipitated albumen in each compared; 
thit* method gives, of course, ouly an approximate quantitative 
estimate. The glasses must be of the same diameter and an 
equal volume of urine must be used each day. 

Of the variouB modes of calculating accurately the amoont of 
albumen iu the nrioe tho mmplest is the optical method, circnm- 
polarization with tho SoleibYeutzke apparatus. After this mechanism 
has been go arranged that Ibe zero of tho nonius currespondi 
with the zero of the scale, a glass tube ia introduced, filled with the 
albuminous urine, which is previously filtered and decolorized by 
being passed throngh animal charconl. The two halres of the field, 
which before the introduction of the alhuminous fluid appear exacilj 
ahko, at once become different in colour. The compensator is now 
moved, by means of the screw, towards the left till both sides of 
the field nre ngiiin of precisely the same hue. The nonius shows tie 
extent of the displacement on the scale, and from this the proportion 
of albumen in the fluid is known ; thus, if the compensator requires to 
be shifted tiU the nonius points to 8-U before the desired identity in 
colour of the two divisions of the field is obtained, the urine is said to 
contain 3'6 grammes of albumen in every 100 grammes. The exact- 
ness of the calculation by this method depends ou the examiner's 
sharpness of vision. 

A high degree of albuminuria is always caused by nephritis ; 
the existence of dropsy, above all the discovery of renal element* 
in the urine by microscopic investigation {epithelial scales, casts 
of the urinilVroua tubules), are also indications which point to 
the same diagnostic conclusion. The albuminuria usually 
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attends the nepliritic process throughout its whole course, though 
at times it may diminish very considerably, or in some rare cages 
may almost totally disappear. 

Alhuiuinuriu in also absorved, altogether apart from any 
inflammatory condition of the kidneys, in catarrhs and other 
severer affections of the uropoietic ftvatem, from the pelvis of the 
kidneys to the external orifice of the urethral canal : the pre- 
sence of the albamen is then due to the admixture of pns and 
the corpuscles and serum of the blood. In these cases albumen 
is detected also in the filtered urine ; generally, however, the 
urine is less albamiuous than that discharged in pronounced 
renal disease. — Finally, a moderate decree of albuminuria occa- 
sionally appears, but remains only a short time, in a great many 
severe acute and chronic diseases ; in such affections the urine, 
unlike that passed in nephritis, shows no figurate elements 
(casts, &c..) under the microscope. 

^P Besides albamen derived from the serum of the blood there are 
found, in all albuminons nriues, certain other bodies of similar con- 
stitution, — paraglubuiin (Ediefaen, Senator) and peptone ; these are 
somelimes also foaud in the urine when it ia free of ordinarj-albumea 
(Gerhardt). In rhi/ltifiu, a diflonler met with in tropical countries, 
there exists in the urine an albuminoid substance of a totally dlli'drent 
nature from the albumou of the serum (Eggel). 

^ Fibrin is invariably present in urine containing Uoivl ,- but it 
is observed also when there is no hematuria, in the form of 
coagula or of Jiirinous (granular) ca^ts, in many cases of very 
acute and severe nephritis. 

Mucus occurs in mere traces in normal nrine ; it is derived 
from the secretion of the lining membrane of the urethral canal, 
in women often from the vaginal secretion. Pathologically it is 
discovered in tho urine cbietly in cases of cat:irrh of the bladder, 
and is easily recognised with the naked eye as a viscid stringy 
cloud which floats about in the fluid and eventually settles to tho 

Bi'bottom of the glass when the urine has been stationary for some 
time. Examined microscopically it is seen to bo formed essen- 
tially of a clear, absolutely structureless eubatance, in which, 
however, lie embedded largo polygonal epithelial cells from the 
bladder and round oval mucua-corpusdfs. 

Su{f(ir. The saccharine urine passed in diabetea mellitus has 
the following properties ; Us quantity ia very nolably increased ; its 
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Colour IB very pale or faintly yellowish with a tinge of green ; it 
is perfectly clear and limpid, and gives no sediment on standing; 
its specijic gravity is unnsually high, 1030 — 1040, in certain 
caBes 1050 and even higher. 

There are four tests which serve for the detection of sugar 
(grape sugar) in the urine : Trammer's process, the caustic jnit- 
ash, the bismuth, and the fermeittation tests ; the first of these 
is hy far the most delicate and is that most often used. 

1. Trtmittit^-'n Tat. To a little of the saccharine urine placed io a 
test-tube are added first a few drops of a solutum of sulphatf. o/ copprr 
and afterwards a certain quantity of liquor jiutassie, the latter being 
gently poured in till the whole fluid assumes a clear and beautiful JaTk 
tibte ("lour. On olttaining this coloration the examiner may feel euro 
that the urine is Bacchnrino, ae no other sort of urine undergoes Ihia 
Lhaiigo on being treated with these reagents. — On now heating the 
mixture an orange yrllotv or tirick red precipitate is formed, which in a 
short tiuiB hWs to the bottom of the test-tube. This deposit consists 
of sttinKridi- nj aifijirr. The chemical reaction which takes place is the 
fLillowiug ; the sulphuric acid of the sulphate of copper unites with the 
sti'ODgi'r buse, the caustic potash, forming siUphato of potash ; the 
sugar is oxidised at the expense of the oxide of copper, and the latter, 
being rfductd to the condition of a red insoluble suboxide, is at once 
precipitated. — This process also bears the name of the reduction tg»t. 

2. (. aiUHfic potash test. Moore's test. The suspected urine is mixed wiUi 
n littl(> liquor potassie and warmed, the beat being apphed to only tba 
upper part of the fluid in the tube ; the part so treated takes on a clear 
yellowishbrown colour, deepening, on further heating, to a brownuh- 
red, which is the more intense the more potash has been added. The 
portion of fluid which is not heated preserves its original colour, which 
nnders the change just described the more striking. If the wannih 
b« kept op till the urine boils there is developed, especially on adding 
a little nitric acid, a sweetish smell of burnt sngar. Urine coloured 
hn^wn by the caustic potash process toms still darker on keeping fijr a 
short time. 

B. Bifmuth test, To the urine should be added first a few drops of 
Uifttor poltn* and then as much mirmts of bisnmik as will lie on the 
p«tinl of an ordinary knife, the latter reagent being an insoluble, heavy, 
while powder whieh rests on the bottom of the glass. The application 
of heat DOW imjparts to the urine a dear brownish-red colour, (as in 
Ih* last t«8t)t trhil* it hUekim the bismuth. The chemical change 
tihielt tekM [pteM ia nmpfy (he redvatkn nt the biannth s&lt, and is 
«KMt)X«MkciMl8 to that wkkkoeeanuaXiuBiiMr'i teak: the aitrie acid 
of Qm Mil of bknutli uculaa with the oanalie potash, a portion of the 




The indications oflfered by thesa tests may be obscured by the pre- 
sence of various Hubatances in the urine which prevent the reduction of 
the copper or bismutli ealt ; the uriue may, for instance, contain 
albumen as well as sugar, when the former must first be precipitated 
and then removed by filtering before the testing for sugar cau be pro- 
ceeded with. — There are several other tests for sugar in the urine, but 
as they are not mnch used no account of them need be given here. 

The qaantity of sugar present in diabetic urine varies from 4^ — 10 
per cent. ; in the great majority of cases it fluctaatea within narrow 
Umits, from about 3—5 per cent. The per centage is calculated by 
nsing Ft'kliiujs sUtwhird solution of sulphate of cojiper or by means of 
the 8oleil-Veutzke saccharimeter. After introducing the glass tube 
filled with the Baccharine urine into the apparatus just named, the 
nonius, previously arranged so that it points to zero on the scale, is 
tamed to the rujht till both fields have the same colour ; the extent of 
this displacement to the right indicates the per centage of sugar in 
the urine. 

FlOURATE ELEMENTS IN THE UeINE. 

Normal urine is perfectly clear, containing neither crystalline 
nor any other organic figurate element, except possibly now and 
then traces of mucus. If, however, the arine be turbid imme- 
diately after emission, we have distinct evidence of the presence 
of such constituents. In order to examine these with the 
microscope the urine must tirat he filtered, as they occur in very 
small quantity compared vsith the volume of the fluid in whicli 
they are diffused ; or the urine should he allowed to stand some 
time in a gksa which tapers towards the bottom, when a small 
portion of the sediment may be removed with a pipette. 

The organic figurate elements found in the urine iu disease 
are pus cells, blood corpuscles, casts of the uriniferous tubes, 
epithelial cells, and fungi. 

Pus corjniscles. These are in no respect diiTereut from the 
colourless globules of the blood. A highly purulent urine in 
perfectly turbid and of a whitish-yellow, milky colour, even at 
the moment it is passed ; if set aside for a short time the pua 
corpuscles are deposited at the bottom of the glass as a yellowish 
sediment. The pus globules retain their ordinary shape in the 
nrine eo long as this Quid remains acid or neutral in reaction ; 
but the occarrenco of alkaline fermentation converts them into 
a gelatinous mass which is quite devoid of structure under the 
microscope. 

Pus corpuscles are found in the urine in greatest number in 
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catarrh of the bladder; they are more or less abundant, however, 
in catarrh of any part of the urinary tract, from the pelvis of the 
kidneys do-wn to the orifice of the urethra, being mechanically 
mixed with the urine in its passage outward. It is generally 
easy to infer from what part of the urinary apparatus the pas 
comes by noting the further results of objective examination and 
the other sjinptoms of the affection. If it be derived from the 
urethra, in men, a purulent fluid may also usually be expressed 
from the canal before aa well as after micturition ; in women pus 
cells oft^n gain admission into the urbe from the admixture of 
vaginal secretions (as in cases of leucorrhoea) ; to prevent error 
it is advisable in such circumstances to draw off the urine with a 
catheter. If the pus be secreted by the bladder, which in chronic 
cases of purulent urine is the usual source, it is accompanied by a 
number of the large vesical epithelial cells. If it proceed from 
a point considerably higher, from tho pelvis of the kidney, for 
example, there are usually also observed the other signs of posi- 
tive renal disease ; the principal clement in the diagnosis in 
such cases is the exclusion of every other part of the urinary 
passages as a possible source of the discharge. 

Red blood corpuscles. They are foimd in the urine in suflS- 
ciently large quantity to impart to that fluid a distinctly blood- 
like coloration, only as the result of hsemorrhage (rupture of some 
vessel) within the uropoietic apparatus. They occasionally appear 
in smaller numbers, but still abundantly enough to suggest to 
the eye at once that the urine contains blood, without rupture of 
the walls of the vessels ; this form of bleeding, hiemorrhage per 
diapcdesiu, may occur in all inflammatory conditions within the 
uropoietic system, particularly in very severe acute nephritis, but 
also in the course of chronic nephritis, when tho inflammatory 
action is from any cause increased in violence. — The shape and 
colour of tho red blood corpuscles as they are seen in the urine, 
have already been described on p. 878. 

EpiUielial alU. The epithelial cells found in the urine may 
be detached from any part of the urinary apparatus, and are met 
with in all affections of these parts. The renal epithelial cells, 
as they appear in the urine in kidney diseases, are sometimes 
separate from each other, at other times adherent. The urinary 
passages Utroughout their whole length are protected by several 
layers of pavement epithelium, dis|H>sed one over the other. 
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forming a lining membraue which is of greatest thickness in 
the bladder. The vesical epithelial cells are generally large, 
provided with only a single nucleus (like the buccal epithelial 
scales), polygonal, and more or less rounded at the angles, — 
characters which render their recognition easy- Below the super- 
ficial pavement epithelium of the bladder are numerous smaller, 
nucleated, spindle-shuped cells, which make their appearance in 
the urine when the catarrh is severe enough to involve the deeper 
layers of the eptthehal lining of the bladder. 



Tube-casts in the Urine. 

Before beginning to look for these bodies, which play such an 
important part in the diagnosis of renal diseases, the urine shonld 
he liltered, or should be allowed to stand and deposit a sediment 
in a glass of suitable constrnction, as the casts are seldom so 
abundant as necessarily to be present in every single drop of the 
urine when agitated, as immediately after emission. On© drop 
of the sediment from the glass, or of that which is caught on the 
filter, should be placed under the microscope and examined with 
a power of 300 diameters. 

These cylinders are simply casts of the uriniferous tubules, 
which are washed out of the kidneys by the flow of urine. They 
are divided into three principal varieties : epithelial, granular, 
and hyaline casts. Kpithel'utl casts consist of the epithelial 
lining of the tubuli uriniferi, expelled Ln a more or less complete 
form (descjaamative nephritis). As regards the maimer in which 
the fjrannlar and hifaline casts are formed authorities are not by 
any means unanimous. Whilst according to the older (and 
recently revived) view they should be regarded as transudation- 
products derived from the hlood, they are described by some as 
due simply to degenerative change in the epithelial cells. It is 
generally assumed that the granular casts represent the primary 
form of the degeneration of the renal epithelium, and that the 
hyaline casts arc a secondary modification resulting from the 
Bame degenerative process. 

In support of tiie theory that tube-casts are formed by exudation 
from the blood, WeiaBgerber and Perls have recently brought forward 
the following arguments : the epithelial lining of tubules filled with 
homogeneoua casts is found perfectly intact ; casts are often entirely 
wanting in tnbali whose cpilheliiim is already the seat of very 
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e^Dsive degenerative change ; on raising the pressure within the 
renal veins in animals, by constricting the principal vein, not by dosing 
it ahsolately, as this woald arrest circulation in the part, fibrinous caels 
are invariably found in the kidneys ; on microscopic examination of 
Buch sections of the kidney no appearance is discovered at any point 
which snggests the idea that the epithelium is metamorphosed into 
casts, but there are very often seen the various stages of a process in 
which a simple albuminous duid. which completely fills the lumen of 
the uriniforous canals, seems to be gradually Uaasformed into casts of 
these tnbes. 

The granuhrr for fibrinous) casts aro of different lengths, 
ftccordiiif; as tlioy are expelkd from the urinifurous tubules unin- 
jured or in fragments ; they vary in length from J to 1, seldom 
2 mm. or a little more, and in breadth from 0"04 — -O'OB mm. ; 
they are very darhitj granulart a feature by which they are very 
readily kuowu when seen, are frequeutly covered by blood and 
pus corpusclca, and contain also a yellowish fatty detritus. Ifl 
very violent acnto nephritis they occur in great numbers in the 
urino ; they aro also very abundant iu chronic nephritis. 

llifnlhif casts arc strikingly pale and transparent, their outline 
being also made more distinctly visible by staining with carmine 
or aniline ; they are oi^casionally absolutely free of any figurate 
olemcnt, but in other cases show here and there a little granular 
fatty detritus or a few epithelial cells. Between the typically 
granular and hyaline casts come many intermediate forms ; many 
present the characters of both varieties, being darkly granukr 
at one part and perfectly pale and clear at another. In length 
aiid breadth there is no difference between hyaUne and granular 
outs. 

Epithdial C(ut$ consist almost entirely of the detached 
epithelial lining of the uriniferous canals ; the individual cells 
of which they aro composed present generally the signs of being 
in H more or less advanced state of degeneration, they are doll 
and clouded in appearance, swollen, dotted with namerous 
brilliant globules of fat. and are occasionally surrounded and 
almost hidden by blood and pas corpuscles and fatty debris. 
Thoy arc, as a rnl«>, easily distinguished from the other figurate 
eonstiluouts of the urine, 

Tnlw oasts in the urine are commonly accompanied by 
i«d blood oorpuMlaSi oolourless blood globules (pus oorpusdei^ 
•Bd tpiUMUal mUi« TImm dements often aifotd a doe to the 
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ar stage wliich the morbid process within tlio kidneys 
has reached, though any inference based on the results of micro- 
scopic examination alone is apt to bo fallacioas. A very 
abundant fatty detritus minified with epithelial cells in a state 
of fatty degeneration, and the presence also of large numbers of 
thin narrow casts, generally indicate that the nephritis has 
arrived at a somewhat advanced stage, — atrophy ; very large, 
broad granular casts and red blood corpuscles are indicative of 
the early stages of nt'phritia or of a freah exacerbation of an old- 
Standing aflection ; very frequently, however, all the diflerent 
kinds of casts are found together in the same urine. The 
special form of nephritis present in each case cannot be 
determined by microscopic examination alone. 

Whilst in all cases the occurrence of tube-casts in the urine 
may of itself be accepted as conclusive evitlence of the existence 
of an inflammation of the kidneys, — an inflammation which may 
be simple and uncomplicated, or which may appear in connection 
with other affections, such as scarlatina, diphtheria, cholera, 
small-pox, &c., — the other figurate elements, the red and white 
blood corpuscles, epithelial cells, detritus, are to be regarded as 
diagnostic of nephritis only when accompanied by casts ; 
wherever such casta aro wanting the microscope alone is not 
sufficient to fix with precision the site of the disease. 

Coagula of fibrin are often obRerved in tlie nrinc in flcnte and 
haemon'bagic nephritis ; these bodies are somewhat elongated in sliiipe 
and are not unlike granular cafits, but may be distinguished from these 
by the irregularity of their outline and the total abaence nf structure 
and of figurate eleTnents. 

Every urine which contains casta is albuminous. There exists no 
absolute relation between the quantity of the albamen and the number 
of the casts ; the latter may be few in a highly albuminous urine, or 
plentiful when the albuminnria is slight. Thus, in amjlnid degenera- 
tion of the kidneys the urine may be loaded with albumen hut may 
show very few casts under the microscope, whilu in acute renal 
disorders tube- casta are often abundant in a urine which is but feebly 
albuminous. — Nothnagel atates also that hyaline casts always appear in 
the urine in intense icterus. 

Inorganic Urinary Sediments. 

The sediments which are met with in acid urines, both 
normally (but only in traces) after cooling and in pathological 
conditions, are the urate of soda and free m"ic acid, more rarely 
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the oxalate of limo ; the sediments of ammoniacal urine consist 
of urate of ammonia and phosphates (phosphate of lime and 
amraoniaco-maj^nesian phosphate). 

Unite of Soda. This salt, which ia found in small quantities 
in normal urine, is deposited in great abundance in all febrile 
diseases, especially during the critical period, after violent 
physical exertion, and in the urine of those who habitually 
indulge to excess in eating. It is precipitated only when the 
urine cools, and forms a dirty yellowish clay-coloared or reddish 
(brick-dust) sediment. Under the microscope it is seen to be 
amorphous, and ia made up of very minute, irregular granules, 
often aggregated into small masses, but easily broken up and 
reduced to its original divided couditiou by gentle pressure with 
the object-glass. The opacity occasioned in the urine by the 
urate of soda disappears rapidly on the application of heat, the 
fluid becoming perfectly clear. 

Uric Acid. In warm urine this substance is but very sparingly 

soluble ; it falls at onco as a crystalline sediment when the urine 

cools, and in being precipitated takes up a portion of the 

, urinary colouring matter, from which it acquires a yellowish 

\ red or sometimes faintly browTi coloration. Under the micro- 

j scope it shows the most diverse crystalline forms, appearing 

usually in rhombic plates or columns, four-sided prisms, often in 

i dumb-bell or barrel- shaped crystals. Sometimes these cryetalfl 

l' are separate from each other, at other times arranged in g^ups ; 

many of them are large enough to be visible to the naked eye, 

I and for microscopic examination they demand at most only a 

' low power, 100 — 150 diameters. In the urine it is commonly 

combined with the acid urates of soda and potash. On addling 

hydrochloric acid to the urine the uric acid is set free and in a 

short time crystallizes out ; the process of crystallization may be 

observed in the field of the microscope on adding one drop of 

hydrochloric acid to a sediment of urate of soda. 

Uric acid may be recognised by its chemical reaction as well as by 
its microscopic characters. Thus, on dissolving a few crystals in a 
little nitric acid, warming and evaporating, and treating the reddish 
residue with a weak solution of caustic ammonia, a deep purpk 
coloration is obtained (purpurato uf ammonia, murexid), which 
changes to violet blue on the further addition of a few drops of 
caustic potash or soda. 
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The excretion of uric acid is doubled, sometimes trebled, in 
febrile and otlier diseases (of the respiratory and circulatory 
organs, disturbances of natrition, ifcc.) ; in arthritis it is de- 
posited in the joints. Renal calculi are often composed exclu- 
sively or in great part of uric acid and its salts. 

Tfie oxaiaU of lime, a normal though by no zaeans a constant con- 
etitaent of the urine, presonls itself under the microscope in the form 
of exceedingly minute octohedra, bearing a certain rescinblniice to the 
envelope of a letter. This deposit ih generally very Kcimty, and is 
most often thrown down in urine which also contains uric Hcid. The 
abundant discharge of such crystals is not an unfaihng sign of a 
pathologically iucreased oxaluria ; the urine may be moderately rich in 
oxalic acid without giving rise to the separation of oxalate of lime 
crystals, as the latter salt may be held in solution, especially by the 
acid phosphate of soda. IIa quantity per day seldom rises above 2 
centigrammes (Fiirbringer), It sometimes forma calcidi in the 
kidneys and bladder. 

Phosphate of litrie and phn^thnte of mnpieaia are soluble in acids 
and are therefore not deposited in acid urines ; they are excreted to 
about the extent of 1 gramme per day (Neubauer). WLen present in 
the urine in large quantity they are precipitated an an abundant white 
sediment, the arine being neutrtd or alkaline to test-paper. Phosphate 
of lime occurs as an amorphous powder, sometimes also iu crystals, 
often forming beautiful star-shaped masses. The pbusipbate of 
maipifua is also sometimes deposited in tbe crystalliue form as 
elongated plates (Stein). luerease of the earthy phosphates is noticed 
often in phthisis, in rachitis in children, and in other diseases, fre- 
quently keeping pace with a similar increase in the separation of 
indican (Senator).— Cj/vfii'i!^ is rather a rare conslitueut of the urine, 
only 52 cases in which it was detected being recorded in medical 
literature ; it sometimes forms concretions in the kidneys, at other 
times crystidlizes in colourless hexagonal plates or prisms. Among 
other points by which cystine may bo diHtinguisbed frum uric acid, 
which frequently assumes exactly the name crystalline fonns, there is 
this, that the former, when dissolved in nitric acid and treated with 
ammonia, gives no murexid reaction. The daily excretion tjf cy.stine 
amounted, in the case recently put on record by Niemano, to about 
0"5 gramme, and in that reported by Loebisch to 0--i gramme.— 
Leucine and Tyrosim are mot with in the urine in certain cases of 
acute atrophy of the liver and variola ; the former substance appears 
in grauvilnr, yellowish, globular masses, or, when perfectly pure, in 
white and exceedingly thin plates ; the latter crystalUzes in very fine 
white needles. 

Urate of amnionia is formed when the urine undergoes alkaline 
fermentation, crystallizing in small spherical masses studded over 
with Bpiues (the thorn-apple crystals). 

Atnntoniuco-mittjmdan phosphate is invariably separated, as soon as 
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the arinc becomes alkaline, in colourless priamatic eryatals of various 
sizes, moet of thorn slighllj modified and leading to the ordinary 
coffin-lid ehapt!. These crystals are freely solnble in acetic acid, a, 
property by which they may readily be distinguished from the oxalate 
of lime, which is not solable in acetic acid ; this is a reaction of some 
importance, as the phosphatic crystals, when very small, resemble 
closely those of the oxalate of lime. 

Of the lower organisms found in the urine shoald be noticed the 
rod hticlena which always accompany fermentation of the urine, and 
sarcinm. 



VOMITING. 



"Wlien the ramifieatioua of the pneumogastric nerve in 
mucous membrane of the stomach and pharynx are subjected 
directly or indirectly to any al>normaI irritation, reflex and very 
energetic contraction of the diaphragm and abdominal muscles 19 
set up, whereby the stomach is firmly compressed on all sides 
and its contents discharged upwards. The stomach itself ifl 
not actively concerned in the act of vomiting, except in so far BB 
it contributes Ly the opening of its cardiac orifice ; its muscular 
coat contracts very little, if at all.* 

The irritation of the senson,' nerve-terminations in the stomach 
may be direct or indirect. Direct irritation ia produced by 
emetics, poisons, nauseous substancea, violent shocks, or by 
merely overloading the stomach ; in all gastric diseases, from 
simple catarrh to the malignant new formations, and often also 
in simple hypcnesthesia of the gastric nerves, unaccompanied by 
any anatomical change, the stomach is more or less directly irri- 
tated. There ifl no disease of the stomach in which vomiting, 
transient or persistent and recurrent, may not appear as a symp- 
tom in some part of its course, though in many cases it is entirely 
wanting from beginning to end ; it is only ui cancer, especially 
when it causes stricture of the pylorus, that vomiting comes to 
he an absolutely constant symptom. 

* It la neccasary th«t the canJioo orifice of the stotnnch fshould be opened before 
vomiting can take place. The abdomin&l pressure alooe is not sufficient to efiEect 
this, as there are certain conditions, difficult and painful deftecation, for example, in 
which, net with standi tig the amount of pressnre brought to bear on the stomach by 
the ubdominul muscles, the coatenta of the stomach ore not ejected, eimply becaose 
the Cardiac oriilte of the organ remalDS closed; on the other hand, vomiting is not 
unfreqnently observed in tinimals on exposing the stomach and injecting tartarated 
antimoDy into the veins, thuugh in this case the force exerted bj the waUs of iht 
abdomen ia completely eliminated as a factor in the proceaa. 
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In diseases of the siomach vomiting takes pltice more readily when 
the organ is full than when it is empty ; it ie occasionally brought on 
also in such circumstances by every variety of solid food, sometimes 
even by the blandest fluids, at other times only by taking things which 
are dititcalt to digest or bj special articles of diet; it may occur 
immediately after eating or only after the lapse of E^orao time. In 
certain cases it is possible to form some idea as to the seat of the 
disease from the interval which elapses between the taking of food and 
the starting of the vomiting ; thus, in cancer of the stomach the 
patient rejects his food almost directly after a meal when the cardiac 
orifice is contracted, but if the disease be located about the pyloric 
end, producing stenosis of the pylorus, the vomiting does not begin 
till 8e%'eral hours have passed. 

The irritation of the gastric nerres may be indirect, the organ 
itself being perfectly healthy in structure. This ia Rometiines due 
to abnormal excitation of the vagus at its origin in the brain, — 
hence the frequency of vomiting in cerebral diseases and in certain 
affections of the nervous 8y8tem,^or to reflex irritation of the 
vagus through some of the abdominal plexuses of the sympa- 
thetic, Tivith which it is connected by anastomoses. In some cases 
the vomiting which so often attends aflectiona of the abdominal 
organs may be explained by the relation which subsists between 
these two portions of the nervous system ; in many other cases, 
however, this explanation is not so Batisfactory. 

EXAMIKATION OF THE VoMITED MATTERS. 

This is generally made with the naked eye, which in most 
instances is quite sufficient for diagnostic purposes ; in certain 
circumstances, however, a microscopic examination becomes 
necessary. 

According to the stage of digestion at which vomiting has 
occurred, the matters brought up, consisting partly of fluids and 
partly of solids, are more or less acted upon by the gastric juice, 
and have a more or leas powerful acid odour. When the stomach 
is empty, or after repeated evacuation of its contents, vomiting 
expels only a ropy, viscid, mucous secretion, with which are 
sometimes mingled biliary matters from the duodenujn, which 
give to the discharges a greenish coloration. The bile is pressed 
out of the duodenum into the stomach by the energetic contrac- 
tion of the abdominal muscles, particularly when the vomiting is 
severe and accompanied by much straining, — as it always ia when 
the stomach is empty. 
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Of the abnormal elements which may present theraselTes in 
the vomited matters the most important is blood. In some cases 
the proportion which appears among the vomited materials is 
small, iu others the blood is rejected nearly pure, almost always 
coagulated and blackened by the action of the acids of the 
stomach, when it resembles black coffee-grounds. Hiemateraesis 
is observed most often in the ulcerative aflfectionsof the stomach, 
and is perltaps most abundant iu round ulcer ; the bleeding is 
very free also in the ulceration which is due to corrosive poisons. 
Hiemorrlia;,'© may take place even in the absence of any anatomical 
lesion of tbo stomach, from congestion of the gastric veins, from 
engorgement of the portal system (as in cirrhosis of the liverl» 
or from overloading of the gastric vessels from other causes ; of 
this last-mentioufd variety is the periodical recurrent haema- 
temesis met with iu certain cases of amenorrhoea. 

Sarciiifp are frequently found in the vomited matters in 
chronic gastric catarrh, and particularly in cases of dilatation of 
the stomach. They are developed in all conditions in which the 
food remains for an unduly long period in the stomach and in 
this way undergoes various abuormal modifications (fermenta- 
tion, &c.). 

Saroinie consist of small foor-sided cells, measiuing aboat 0-01 mm. 
in diameter, which are usually united in fours to form a single element : 
these elements, again, oilou combiDe similarly in fours to form still 
larger squares presenting sixteen separate subdivisions ; ail fortlier 
increase also is made in fours. 

Asoaridos lumbriooides sometimes find their way from the bowel into 
tbostomaoh, and may then be mingled with the vomited matters. Besides 
these abnormal oonstitaents, microscopic examination reveals many 
other labstances dorived from the food taken, all more or leas altered 
ta appeanunee by the action of the gastric juice. 

THE INTESTINAL DISCHARGES. 

Alteration in the frequency and in the appearmnce of the alvine 
diaehargcs are the princi{>al objectiTe sigus of faneliona] intes- 
lilMJ disturbance. The motions auiT be fewer than nonnally 
(«oiMl»|Mi<ia»), or more frequent mod liquid (.diarrhoea). 



CoStSTIPATIOS. 

Sti^bt eoulipaUoo, in which the bowvls an moTedaboot emj 
t«0 dip* uA « WTvrer fonu also in whkh the interral between 
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the motions is prolonged to 3 — 4 days, are very common 
phenomena ; in many iustancea such a disorder is periodical in 
its recurrence, and in some persons hal.ntual. Constipation 
lasting 5 — 6 days is seldom met with, as tiierapeutic measures 
intended to remedy the condition are generally adopted before it 
has continued so long, while still longer intervals, 2 — 3 weeks, 
for instance, are very exceptional. 

Constipation is most commonly to be ascribed to slittjijish peri- 
staltic (leiioii of (hf hmvel, and in a smaller number of cases to 
the presence of BOvaQ ohfitruction within thi; howd, which mechani- 
cally opposes the onward prof/nss of the ititestival contents, and 
wliich may, in certain circumstances, offer an absolute barrier to 
their passage. 

The pertsialtir mnifmrnts of the bowel are rendered slugffish 
by very many different causes, which are in part connected with 
the manner of life of the individual, and which in the more 
marked forms of the affection are invariably of a pathological 
nature. These causes may be grouped together in the following 
way : want of active physical exercise, slowness of digestion and 
tissue-metamorphosia, unsuitable diet (consisting especially of 
very solid and unstimulating substances), distension of the bowel 
by gaa ; peristaltic action is slackened also when bile, a normal 
stimulant of tho bowel, is wanting in the intestinal contents, 
a fact which explains the frequency of constipation in obstruction 
of the bile-duct, from duodenal catarrh and oth&r causes ; the 
muscular coat of the bowel may, further, he temporarily en- 
feebled through over-exertion and simple fatigue, induced by 
severe diarrhoea or the action of medicines,* or it may be perma- 
nently weakened by repeated drastic purgatives ;t the peristaltic 
movements are also retarded by diminution in the contractile 
power of the muscular tunic of the intestine, such as that 

* When in dincase the peristaltic morcmenUof the banrel become abnormally actire 
they may b« moderated by the use of remediea which soothe the irritability of the 
■enaory aervea of the intestinal mncoua membiune or which dimiDiBh the aecretioti 
ffom the internal anrfswe of the bowel ; to a. slight degree also this may be accom- 
pliahed by a prop^rly-roguUted diet, consisting of blaad mucilaginous »ubataQoei 
which cover and protect the KongitiTfl mucoua Burface. 

■f Uauy who suffer from habitual constipation nggravato their malady by the njjs- 
OM of drastic purgatives, tho effect of which is that an evcr-increaaing degree of 
irritation, obtained either by adding to the dose or by the employment of more 
energetic drugs, i* needed to awaken peristaltic action in the bowel ; the natural 
stimulus, the mcro presence of the intestinal contents, is of very little arail in each 
CkMS, though tta influence is booq in great part restored on withholding the purgative. 
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observed in mflammation of its peritoneal investmeDt, or bj 
deficient innervation, as in diseases of the brain and spinal cord, 
perhaps also by spasmodic contraction of the intestinal muscles 
and consequent narrowing of the alimentary canal, as in lead 
colic. — In some cases several of the above-named causes may be 
in operation simultaneously ; their recognition is usually a matter 
of uo diftieulty. 

The onward movement of the contents of the bowel may be 
rendered slower or may be absolutely arrested, and constipaiion 
of various degrees of severity, or even impassable obstruction, 
may be set up, by the presence of some mechanical obstructwH 
which compresses or completely closes the bowel ; constipation, 
however, is much more seldom due to this condition than to 
feeble peristaltic action. This encroachment ou the lumen of the 
intestine is dependent on causes some of which lie within, others 
without the bowel. Among the internal causes should be reckoned 
strictures, inva^i^nations (intussusceptions), twisting and flexion 
of the intestine ; large, hard fjEcal masses, and large biliary 
calculi, lodged at various points in the intestinal canal, par- 
ticularly above strictures, where they distend the bowel and form 
diverticula, constitute mechanical obstacles of the character 
described. To the gi-oup of causes external to the bowel belong 
compression by the uterus in the gravid state or when patho- 
logically enlarged or retroverted, by ovarian tumours, by very 
marked hypertrophy of the prostate, and by strangulation of the 
intestine (strangulated hernia). If these obstacles prodnce 
merely a narrowing of the lumen of the intestine, they may 
always be overcome by drastic purgatives, by exciting powerful 
peristaltic action ; but if the closure of the canal be complete, 
as in strangulation, no advance of the retained intestinal contents 
is possible, — they rather travel backwards in the bowel if do 
operative measures be adopted for the removal of the obstruction, 
and eventually, on reaching the stomach, are discharged by 
vomiting. This (stercoraceous) form of vomiting is often ob- 
sen-ed in ileus. 

DiARBHCEA. 

I>iarrho?al discbarges are more fluid and are usually also moi 
abundant ilmu those of health. It sometimes happens tlut a 
jH'rsou is !^.•il5t^d with a sudden but transient attack of diarrhcBa, 
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one or two thin watery motions following closely one on the 
other, the distui-bance then subsiding and stools of natural con- 
Bistence making their appearance; this is usually caused by some 
short-lived irritation of the intestinal raucous membrane by errors 
in diet, by cold in those who are so predisposed, by sudden 
change in the habits of life, &c. Wliorever actual diaease of the 
mucous membrane has given rise to diarrhoea the frequency of 
the motions is invariably increased ; 3 — 4 evacuations of the 
bowels in the 24 hours are a moderate number in acute intestinal 
diseases, while in the intestinal catarrh of children, in typhoid 
fever, dysentery, and cholera they may number 20 or more in the 
24 hours. This stage of the affection, however, in which the 
stools are so loose and so frequent, does not last long, — a few 
days or even a shorter time. In chronic diseases of the in- 
testine dian'hoea is never, except incidentally, so severe as in 
acute diseases ; occasionally, indeed, it is varied by longer or 
shorter periods of constipation. 

DiarrliCDal eTacaationa are sometimea perfectly painless ; at other 
times they are preceded by a peculiar painful sensation, known as colic, 
which generally originates about the middle of the abdomen and 
radiates towards the other parts. Painful and paialeaa stools may 
alternate with each other in the same patient ; the presence or abaenco 
of pain therefore, in the majority of cases at least, offers no diagnostic 
indication of the special form of disease in which the bowel is involved. 
Nevertheless pain before or at etool, if aaBociatod with tenderacea to 
pressure on the abdomen, generally warrants the inference that the 
• bowel ia probably the seat of an ulcerative affection. 



The alvine discharges always assume a diarrha>al character 
when from any cause the peristaltic 7nofemcnts of the bowel are 
increased in rapidity and energy, so that the intestinal contents 
are carried more quickly onward, so quickly that they are ex- 
pelled before their fluid constituents (dissolved alimentary 
matters and fluid derived from the intestinal vessels) have been 
to a sufficient extent absorbed. 

The causes of the increased peristaltic action are many and 
varied, but they all admit of one of two interpretations, — the 
sensory nerves of the intestinal mucous membrane are either sub- 
jected to abnormal irritation or they are unduly sensitive ; both 
classes of causes are frequently present. The mucous membrane is 
irritated by various articles of diet, particularly if they are taken in 
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large quantity or injudiciously combined. The lining membrane 
of the bowel bocomes abnornaftUy sensitive when it is attacked by 
disease ; all intestinal affections, from simple, transient catarrb 
to the severe ulcerative processes, are usually accompanied by 
diiirrhcea, ubicb in chronic diseases may for a time disappear 
and be replaced by marked constipation. This increased sen- 
Bibility ma}' in acute intestinal diseases become so intense that 
even the intestinal secretions, which in such cases are greatlj 
augmented in quantity, act as powerful irritants. 

Peristaltic movements, excited in any part of the intestine by 
any of the above-named pathological causes, travel onward in 
undiminished intensity through the whole length of the bowel, 
so that, for instance, in catarrh of the small intestine they may 
bo transmitted from their starting-point there to the perfectly 
healthy colon. 

If tbe increased activity of the peristaltic movements in catarrhs of 
the small intestine were limited Ho this portion of the alimentary tract, 
the movements of the large intestine continoing normal, the int«6tinal 
contents would remain long enough in the colon to permit of tbs 
absorption of their fluid constituents, and the properly diarrbcBAl 
discharges would be wanting, — which, however, is not the case. 

The loose diarrhccal motions also which follow the therapeutical ns« 
of drastic purgatives, are produced by the increased energy of tho 
peristaltic movements. 
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Examination of the Intestinai. DiBCHARaEs. 

In examining the motions attention shoold be directed 
cially to the following points : their quantity, consistence 
form, colour, odonr, and the presence in them of abnormal 
constituents. 

The qitnntity of ffecal matters passed in health depends on the 
amount of food taken and on the proportion of indigestible 
ekments which tlie various articles of diet contain. It is alvrayn 
inoreMod in diarrhoea, by the adilidon of the intestinal secretions 
and of such portions of food as have escaped absorption. Ixi 
•cute intestinal diseases* — acute catarrh, European and Asiatic 
eholora, dysentery, for example, — the evacuations may be cnor- 
IB0I18, consisting in great part of watery transudation from the 
moeous surface and to but a slight extent of excrementitioas 
matters. 

TIm CQfMitUnct of solid motions is proportionate to the time 
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taken by the intestiual contents in travelling through the bowel 
,to the rectum ; the slower the rate of transmission the more 
pipletely will their fluid constituents be removed by absorption 
M. the firmer will be the fiecea, lu those who suffer from con- 
Btipation, aucordiugly, the motions are nsaally hard and dry. 
Tho form of the motions depends on their consistence ; only 
Buch as are solid are " formed ", semi-solid discharges being de- 
Bcribed as pultaceoas, those which are more fluid as Bonp- 
like, Sic. 

The mkmr of the dejecta, which in health ia brown, is owing 
the admixture of the colouring matter of the bUe, hydrobili- 
rubia. When the bile is prevented from entering tho bowel, as 
when the ductus choledoehus is closed, the motions have a dirty 
greyish, clay colour. 

It is only in duodenal catarrh that discharges absolutely destitute of 
bile are seen, as it is only ia tills H^ection thai more or less complete 
closure of the bile duct takes place ; in diseases of the liver and biliary 
ducts, though the flow of bile into the duodenum is often impeded it 
is never entirely arrested. If, in the course of a duodenal catarrh, 
the ffeces begin to show again a brownish coloration, it may with 
confidence be inferred that the bile ia again escaping into the duodenum 
even though the jaundice show no sign of abating, 

Diarrhceal motions also, like those of semi-liquid consistence, 
are yeUowish-brownj but turn clearer and paler the more abun- 
dant they become, as the bile which enters the duodenum is 
diffused through a much larger mass of fluid. If the discbarges 
be exceedingly profase, as in Asiatic cholera, the quantity of bile 
poured out remaining the same or even being reduced, their 
yellow colour is lost by degrees till eventually they exhibit no 
farther trace of the presence of bile ; they are then perfectly 
colourless or dirty white, and are composed only of the rice-water 
fluild exuded from the intestinal vessele. 

In young infants the motions, which normally are of a clear 
yellowish brown colour, often become greenish, especially when 
dyspepsia is present ; the cause of this coloration has not yet 
been satisfactorily made out, though it is probably to be sought 
in a metamorphosis of bilirubin into biliverdin. The dejecta 
acquire a similar grass-green hue on the internal administration 
of calomel. 

The motions take on an abnormally deep brown coloar in 
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constipation of long duration. They arc blackened l»y the in- 
ttTiial ufio of the preparations of iron, of which only a Bmall 
portion is absorbed, the remainder being mixed up in the 
inteHtiual contentn. 

Fluid motions are stained reddish-brown or brownish-black 
(chocolate-colour) when they contain large quantities of blood 
derived from the upper part of the intestinal canal ; in such 
cases the oxyha?moglobin of the arteriat blood is transformed 
into mothfi-nioglobiu and hrt'matin. WTien the blood comes 
from the rectum it does not remain long enough in contact 
with the ficcal matters to permit of this round of changes 
beginning, so that the colour it imparts to the motions is a 
clear, well-marked red. The presence of eA^en a slight trace of 
blood is indicated by the colour it communicates to the evacu- 
ations. 

The otloitr of the motions is characteristic ; it is due essen- 
tially to the volatile products formed in connection with the 
decomposition of fatty matters. It is of very Uttle practicid 
importance, as the differences which it presents are only dif- 
ferences in intensity, not in kind. The simpler and plainer the 
food, as in infants still nursed at the breast, the less powerfol 
the smell. When the motions are very fluid and succeed each 
other rapidly thoir odour diminishes very considerably. The 
rice-water discharge observed in cholera is almost entirely devoid 
of odour, as it contains practically no fapculent materials. In 
inflammatory and ulcerative affections of the bowel, particularly 
of the rectum (eancer, for example), the motions sometimes 
have an extraoiely offensive and penetrating smelK 



ABHOmiUL SVBSTAXCBB XX TEE ISTESTIXAX. DiSCHABGSS. 

The appMimDoe of any alnonnal eonsCitQflBi in the motiooa w, 
«a a IpeMtml raK of pnwliad or dbgnoslie importaaee only 
wfat'a the admixture of Am ftifiii|Ti element is so large as to be 
pliiB^ oinion to the Mik»d e^a. Onramrmally, howemr, 
ptm im m of lU malid malwrial tmamak be wtiwfM^nrily 
mii><\l wiUKMat bianBg reeowne to ■rici oac mi ic examination. 

Tftwatefontol MhilHMn fwwi ia &• ahiBe dMehaigee. 
Mf ritotl i •— %^y Aifla h iif i r l i oB. «^ tba fcliimiBg: 
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are more or less fluid, aa tbe diseases which give rise to in- 
testinal haemorrhages are also usually accompanied hy diarrhcea. 
Smaller qaantitios of blood may be mingled with fajculent 
matters of a semi-solid consistence or disposed in streaks on 
the surface of the motions. Blood may also be voided per- 
fectly pure and unaltered. In certain circumstances the blood 
which is seen in the stools comes from the stomach, as, for 
instance, when the blood poured out in cases of perforating 
gastric ulcer is not got rid of by vomiting but passes domiwards 
through the intestine ; such discharges commonly take tbe form of 
masses of coagula of a brown or blackiah-red colour, resembling 
tar. In all other caaea the blood is derived from the intestine, 
sach hsemorrhage being caused usually by ulceration of the 
mucous membrane ; blood is therefore very frequently present in 
the evacuations in typhoid fever and dysentery, — Bat the exist- 
ence of an actual lesion of the mucous membrane of the bowel is 
not necessary to the appearance of blood in the motions ; the 
haemorrhage may take place from ruptured capillaries or from the 
buTBting of the dilated and tensely engorged veins of the rectum. 
It is to the occurrence of bleeding of the latter variety that the 
disease known as hipmorrhoids owes its name. 

But the dilated hcemorrhoidal veins are not the only source of 
inteatinal liiT?morrhage ; in those cases in which circulation through the 
liver is impeded all ihe abdominal veins which join the portal system, 
and among them those of the rectum, are overcharged with blood, 
and in this way intestinal vessels of small calibre are often raptured. 
Ha-morrhage from this caaae ia not unfreqtiently observed in cirrhosis 
of the hver and in cases in which the portal vein is compressed by 
tumours. 



Pug ia found In the motions, or is passed in small qnantities 
pure and unmixed, in ulcerative affections, particularly of the 
rectam, and in chronic rectal inflammations ; or it may come 
from absces sea situated close to the rectum and opening into it. — ■ 
Mucous secretions also, usually mingled with pus, are discharged 
in various rectal diseases. 

Tissue-elements from the intestinal mucous membrane occur 
in the stools in violent enteritis and ulcerative aflections of the 
bowel ; they are composed for the most part of detached epi- 
thelium, sometimes of shreds of mucous membrane. The 
intestinal epithelium is separated freely in cholera. 
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Fungi appear abundantly in the rice-water tnotions in cholera. 
In the iutostinal or infectious disease designated myooslB 
intestinalis, to which attention has recently heen directed, in- 
numerable fungous elements and bacteria have been discovered 
not only in the dejecta but also in the wall of the intestine, in 
vai-ious other tissues, and in the blood.* 

The motions, particularly those observed in the diarrhcea of 
childreu, often contain fragments of undigested food. 

Worms are frequeutly voided with the iutestiual dischargee, 
sometiiues spontaneously, but usually, and in greatest number, 
after the administration of anthelmintics. The eggs of the 
wormH arc often expelled with the fteces, occasionally in such 
abundance that several may be seen in every drop examined 
under the microscope. 

The worms which inhabit the human intestine are : the asraris turn- 
bricoidts, tlie round worm, whose habitat ie the whole of the smnll 
intestine ; the oxyuria ri^tvuctihuin, the thread-worm, which lodges in 
the large intestine, chitfly in the rectum ; both of these are most com- 
monly found in children. The tn'coce^ihalus dispar, the whip-worm, 
lives in the oa;cum and colon, and 00001*6 in both children and adults. 
There are three varieties of tape worm, ttruia solium, Uniia gnyinata 
(or mt'iiincmuUiita), and hothriociphalm latus : these parasites are met 
with principally in adults, and occupy the small intestine. Bothrio- 
cephulus latus is rare in Germany, and is seldom observed in countries 
in which taenia solium abounds. 

Calculous formations, {gall-stonea and intestinnl calculi), 
occaBioually appear in the motions. The former may be de- 
tected in the fjeces after the patient has suffered for a longer or 
ahorttT period from gall-stone colic ; but small calculi, biliary 
gravel, very often escape observation. Gall-stones enter the 
duodi'uum through the ductus choledochus, or sometimes through 
opeuings formed between the gall-bladder and the bowel by 
inllammatory adhesion and subsequent perforation, a process 
which explains satisfactorily the voiding of concretions so large 
tluit they could not possibly have 'passed through the common 
bile-duct. Biliary calculi are composed chiefly of cholesterine, 
and lue therefore soluble in alcohol and ether. — Intestinal con- 
cretions are formed in the bowel itself, certain salts, particularly 

* Accotdlng to all the l«taBt ohmrrm (BuU, Waddejar, B. Wagner, Lenbe aad 
MuUtr, Ao.) this discue is <implj « Ii>«l ■»»atfMtatkiB d th*L knows u ftt>)eiiic 
tew. 
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phosphate of magnesia, ammoniaco-magnesian phosphate, and 
varions organic comhinations, being accumulated round some 
solid body (such as a fruit-stone) as a centre ; in some cases 
organic concretions, blood clots, undigested fragments of food, 
or very hard fsBcal masses, serve as the nucleus round which the 
different constituents of the stone are deposited. 
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LABYNGOSCOPY. 

The larynx is explored by bringing its different parts into 
view by means of mirrors. Its interior is illuminated with 
natural or artificial light reflected downwards &om the pharynx, 
the image of the Tocal cords and the adjacent structures being 
received on a plane mirror (the laryngeal mirror) placed against 
the uvula. 

The real originators of the practice of laryngoscopy are 
Turck and Czermak (1857 — 1858); the former invented the 
laryngeal mirror, while to the latter we owe the publication of 
the first experiments made with it and the introduction of 
artificial light as a means of illumination.* 

The larynx may be illuminated in one of three ways : by the 
rays of the sun, by the difiuse light of day, or by lamp-light. 

1. The full light of the sun is the most intense ; if therefore 
one has at disposal a chamber into which it shines strongly its 
rays, either direct or reflected, may be employed. The direct 
solar rays are available only when they do not enter the room 
too obliquely. If the examination is protracted the apparent 
alt4C>ration which takes place in the position of the sun renders it 
uocossATv to be continually Rbift ing the patient about. These 
difficulties, which at mc^st are but trifling, may easily be got over 
by placing a plane mirrvo- fitted with a universal joint (like that 
of tho ordiuanr toilette mirror) in the window of the apartment, 
in audi a posdtivui that the beams of the son fall upon it and 
«rt^ thrown either directly into the patient's mouth or on a 

* TW a wv^v^Nv tVat tbe i&t«rior of t^ Urrax mst be wen nAw-t w l ia a miaai 
U«<l x>M <V «H«:i* >«fA<«p* rMu^T to i&« «»r>r pan of the pccMU oemsarj, fa«t Oe 
y4vw4> «I)\NIM jVs «mm)» *♦»♦ TTtT isfiKfcct ;— «T«B the »Te«» of Gttcok the «nging- 
«'^A«^Mv v>« l'^* mvvMrrAt^ i-4 (he ^xal <«ra» iz phoaaacn. j-*^-* ■* ia lSS>5i, £d not 
«iiM<Mv*l^ MhMior the |«K<x» << iv^up j u vyj . 




concave mirror End thence into the pharynx. The mirror mnat 
naturally be turned from time to time, to follow the apparent 
movements of the sun. 

2. The dijfuse li/^ht of daj/ i» strong enough to be used for 
the illumination of the larynx in a well-lighted room and on a clear 
day. It has this advantajre, that it shows the interior of the 
larynx in its natural colouring. The best method of employing 
it is to reflect it into the mouth of the patient from a concave 
mirror of 26 — 29 ctm. focal distance placed so as to receive the 
light entering by the window. The glare may be lessened by 
allowing the light to pass through only a portion of the window 
or through a small chink in the closed sbuttera, but this is 
seldom necessary, nor is it practicable without great inconvenience. 
The illumination so obtained is not, of course, bo bright aa that 
produced by the raya of the sun, but it ia generally sufficient to 
permit the several parts of the larynx to be diatinctly seen. The 
position of the rcllecting mirror for diffuse daylight and for Bun- 
light is the same as that specified below as requisite for artificial 
illumination and the same apparatus is necessaiy. 

8. Artificial Illumination. Sunlight and daylight being 
naturally available only at certain times, some method of illumi- 
nating the larynx artificially must often be resorted to, and since 
the introduction of laryngoscopy the efforts of inventors have 
been persistently directed to the perfecting of the apparatus by 
which this may be most efficiently accomplished. 

Artificial light is used in two ways. 

a. A concave mirror of about 16 ctm. focal distance, fixed on 
a stand, is placed on a table in front of a common lamp (either 
a gas, petroleum, or oil lamp), the light from which is thus 
reflected into the patient's mouth. By this means a very bright 
light is obtained; the area illuminated is indeed small, but is 
sufficiently large for the purpose, aa only the laryngeal mirror, 
which projects the beam downwards into the larj-nx, needs to be 
lighted up, and not the whole of the pharynx. If it is desired to 
explore the month and pharynx, it ia necessary merely to turn 
the concave mirror slightly from side to side in order to throw 
the light on the different parta one after the other. 

The form of the lamp is perfectly immaterial. The concave mirror 
should be mounted on a stand (Tiirck) which is fastened to the table 
(Waldenburg, Bose, &.C.) ; this is a moro convenieut arrangement than 
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that in which the mirror is tied on the head of the obBcrver by a band 
passing round the forehead, or is fixed in a spectacle-frame. — The 
concave reflector is provided with a central opening, through which 
the image is seen in the laryngeal mirror. 

b. The second method of employing artificial light consists in 
the introduction of lenses between the flame of the lamp and the 
concave mirror which reflects it ; some use only one simple 
biconvex lens (Levin, B. Friinkel), others two lenses (v. Brans), 
or even three (Tohold). 

The light obtained by this apparatus is no brighter than thai 
given by simple reflectors without lenses, but it appears clearer, 
as it is distributed ovtr a larger surface and falls on the parts in 
the form of a clearly-deiined circle. 

The manner in which the lenses are arranged and the constmctioD 
of the diflorent apparatuses, cannot he described here in detail. 
Tobold'a iipparatua is made in two forms, a larger and a smaller, both 
of which are fitted iu a case and are easily carried about ; the smalkr 
model is in very extensive use. 

The lamp should always stand to the left of the examiner, a little to 
the patient's right. The lamp and reflector, — and the lenses, if they 
are used, — must be bo placed that the fl^ame is on a level with 
patient's mouth ; particular care must be exercised in adjusting tha 
various parts of the apparatus if lenses are interposed between the 
lamp and the mirror. 

The only other instrument which is required in examining the 
larynx is the lartfugeal mirror. This is a plane mirror, round, 
oval, or square in shape, the circular form bciog the most generally 
useful; its diameter varies from 1§ to 2J ctm. The larger size, 
which has the advantage of showing a larger portion of the larynx, 
may be introduced when the fauces are wide, and in individuals 
in whom its frequent application has rendered the parts tolerant 
of its presence. — The mirror is made of highly* polished glass, 
and is fastened to a stem of German silver at an angle of about 
46 degrees ; this stem fits into a wooden handle, iu which it is 
firmly fixed by means of a screw. 

Larynooscopio Examination. 

The patient, with his head slightly thrown back, shoald be 
seated facing the obser^'er and as close to him as convenient. 
The fauces are then to be illuminated, in the manner described 
above, and carefully examined to determine in the first place 
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whether they are the seot of such affections as pharyngeal 
catarrh, enlargement of the tonsils, ulcerations, &c., which 
often give rise to eymptomg referred by the patient to the 
larynx. The examination of the larynx is then procfeiJcd with. 

To introduKo the larj'ngcal mirror the mouth must be opened 
widely and the tongue thrust forward. By the latter action the 
cavity of the mouth is enlarged, especially posteriorly, and as it also 
raises the Lir^Tix somewhat the latter is more readily illuminated. 
The patient should put out hia tongue and grasp its tip with the 
forefinger and thumb of his right hand, protected by a napkin, 
and keep it fixed in that position ; if frequently examined he 
soon learns to keep out the tongue ^\ ithout the aid of the hand. 
In the case of patients who are atill unaccustomed to the process 
the observer may, with the thumb and index finger of the left 
hand, have to catch hold of the tongue and at the same time 
steady the chin, in order to keep the head erect. 

Many patients bear laryngoacopic examination exceedingly 
well ; others with extreme difficulty, and only after long practice. 
The principal obstacles to be overcome are the disposition to 
elevate the tongue (and so obstruct the view) and the sensibility 
of the uvula to the touch of the laryngeal mirror. In most people 
there exists the inclination, when the tongue is thrust forward, 
to raise its base and press it against the hard palate, an action 
which renders laryngoscopy difficult or even impossible. If the 
patient is unable to control this movement he should be directed 
not to put out the tongue ; if, notwithatanding this, the root of 
the tongue atill rises, the examination may be facilitated by 
causing the patient to take several deep inspuatious, the effect 
of which is usually to depress the tongue ; or the base of t)ie 
tongue may be kept dowTi by means of a spatula. Occasionally 
these proceedings cannot be borne by the patient, on account of 
the choking Bensations and retching they are apt to excite ; 
repeated manipulation, however, generally lessens the sensibihty 
of the parts. 

The difficulties arising from a faulty position of the tongue 
having been overcome, others appear on attempting to use the 
laryngeal mirror, as simply touching the uvula is often enough to 
cause spasmodic contraction of the muscles of deglutition and 
severe retching. These accidents are often due to the unskilful 
introduction of the mirror, and patients who have frequently 
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Bubmitted to examination soon come to know, by the occturence 
of retelling, when the mirror is not properly laid against the base 
of the uvula, as they cau bear its presence even for several minutes 
without discomfort if it be held so as to lie in contact only with 
tho uvula and with none of the neighbouring parts. Some 
patients never get accustomed to the irritation of the mirror 
even though treated carefully and perseveringly, or at most 
they learn to endure it for a short time only. It is frequently 
observed also that whilst in the first few trials the mirror is 
home easily and for a moderately long time, it on subsequent 
occasions produces an increasing amount of annoyance and at 
last ceases to he tolerated, particularly if the examinations be 
too protracted or repeated too often ; then, of course, all attempts 
to get a view of the larynx must be given up for a time. 

Besides these choking Hensatious and the retching just men- 
tioned certain other difficulties, due to local morbid conditions 
which seriously interfere with the proper adjustment of the 
laryngeal mirror, are encountered. Hypertmphied tonsils and an 
abuonnaUif knitj nruht present obstacles of this kind, the point of 
the latter being always apt to come in front of the mirror; in the 
first case the introduction of a long narrow mirror, in the second 
the employment of one of larger size than usual, will enable the 
observer to see the larynx. Mucus, when accumulated in quantity 
in the pharynx, may also prove troublesome ; it may be renaoved 
by gargling or coughing, 

Before introducing the laryngeal mirror it shoald be warmed, 
face downwards, over the globe of the lamp or, when examining 
by sunlight or the diffuse light of day, over the flame of a spirit 
hvmp ; to make sure that it is not too hot, and in order to avoid 
burning tho patient, its metallic surface should then be applied 
to the skin of the back of the hand. The warming prevents tho 
condensation of the moisture of the breath on the face of the 
mirror, and the consequent obscuration of tho image it reflects, 
as well as the irritation which a cold body in the mouth would 
certainly produce. The mirror must be cleaned and warmed 
anew after each application. 

The examiner should take the mirror in his right hand, as one 
holds A iH?n, grasping it at the point where the stem joins the 
wooden handle ; he tlien passes it into the mouth, with 
reUeeting surface directed downwards and forwards. If he 
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to use liis right hancl, either in operating in the larynx or in 
manipulating a brash dipped in some astringent solution, the 
mirror may be introdaceJ with the left hand, The mirror is 
now Carried steadilj' backward, without touching the back of the 
tongne or the hard palate, and is gently laid with its metallic 
surface upwards against the base of the uvula, the patient being at 
the same time directed to say " eh " or *' a " (as in tell or tale) ; the 
image of the interior of the larynx will then be seen in the mirror. 
The whole of the interior of the larynx does not become visible at 
once ; to obtain a view of all its parts in sacccssion the mirror 
must be turned a little to the right or left, upwards or down- 
wards, as required. The precise direction in which it must be 
turned when it is desired to examine any particular part of the 
larynx, will be indicated on a subsequent page ; but it is not 
always possible to follow set rules, — the method of procedure 
must to a great extent bo determined by the special local con- 
ditions in each case, the skill of the observer being shown in the 
readiness with which he adapts himself to these. During all 
these manipulations, however, the mirror must not be moved 
from its position against the uvula. 

The parts seen reflected in the mirror, in the order in which 
they appear, are : the back of the tongue, with its cireumvallate 
papilla.', the anterior surface of the epiglottis with its three glosso- 
epiglottidean ligaments (I. medium and lig. lateralia), then the 
arytenoid cartilages, the posterior part of the rima glotiidis, the 
vocal cords, and the posterior wall of the larynx. If the mirror 
be slightly lowered and pointed more nearly vertically downwards, 
the anterior wall of the larynx comes into view, the anterior part 
of the vocal cords and their angle of union anteriorly, the false 
vocal cords, the ventricles of the larynx, a small portion of the 
posterior surface of the epiglottis, and, if the illamination be 
good and the glottis widely dilated, the trachea, sometimes as 
far down even as its bifurcation. As soon as the mirror has 
been placed in position the first thing that should be done, par- 
ticularly if the examination has to be made somewhat hurriedly, 
is to look for the true vocal cords ; the other parts may then be 
inspected in succession by sbghtly turning the mirror as before 
described. 

The parts of the larynx seen to the right and left in the mirror 
correspond with the patient's, and not with the examiner's, right 
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and left ; tliua, tliose which appear to the observer's left in the 
mirror represent parts situated on the patient's right, and vice 
versa. It is more difficult at first, however, to realise that 
according as the mirror is held the position of the different parts 
of the larynx will seera to varj'. As it is usually placed, pointing 
obliquely downwards and backwards, the structures at the back 
of the larynx, are seen at the bottom of the mirror (the arytenoid 
cartilages, for instance), and those at the front of the larynx 
(the anterior angle of the glottis, for example), in the upper 
portion of the image. A little practice soon enables one to 
recognise the various structures in the mirror and to refer them 
to their real position in the body. 

Ejcamination of the different pabtb of the Labtkx. 

When the mirror is laid against the base of the uvnla the first 
object seen is the ep'tfjlottis ; on raising the mirror a little and 
placing it at the junction of the hard and the soft palate, the 
back of the tongue also becomes visible. The ligaments which 
pass from the base of the tongue to the epiglottis, the rae-<lian 
ligament and the two lateral frcenula, next catch the eye, and 
between these folds the two glosso-epiglottidean »'inusei or 
viillecuhp. 

The epiglottis is the first structure which comes into view on 
getting the laryngeal mirror into position, only its anterior snrfaee, 
however, being then seen. On tlie configuration of the epiglottis 
depends to a great extent the ease or difficulty experienced in 
examining the larynx. There may thus, apart from the great 
differences it shows with regard to size, be considerable irregu- 
larity of its anterior surface and in the outline of its anterior 
margin. Very frequently it is found to be inclined too far back 
wards, while occasionally it is markedly contracted in the middl 
In both cases a large part of the larynx is shut oflF from inspectioi 
and it becomes difficult, sometimes impossible, to obtain even a 
glimpse of the parts in the front of the laryngeal cavity (the 
anterior portion of the vocal cords and their angle of junction). 
The mirror must in such cases be thrust as deeply as possible 
into the pharynx, being held no longer obliquely but pointing 
almost vertically downwards. 

'When the mirror is placed in its ordinary position only the 
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anterior surface of the epiglottis is exposed ; to bring into view 
its posterior surface the mirror must be directed very obliquely 
downwards and backwards, though even then only a portion of 
this side can be seen. While the mirror is so held also the 
anterior part of the glottis is generally at the same time visible. 

After having sufficiently investigated the parts at the base of 
tho tDn<,'ue and the epiglottis, attention should bo directed to 
those within tho larjTix. On depressing the mirror and turning 
it somewhat more obliquely backwards the ari/tenoid cartilages 
next come into view. These bodies appear as two cartilaginous 
prominences, about as large as small peas, pale reddish in colour, 
and converging towards each other. In iaspiration they fall 
widely apart, in expiration they approach each other, while in 
pronouncing the vowel-sound *' eh '' or " a " (as in h'U or tale), they 
come into close apposition with each other. On their apices are 
situated the cariilagat of Santorini, two cartilaginous nodules 
which are visible only when the illumination is exceptionally good. 

During respiration there remains between the arytenoid 
cartilages a fissure of greater or less size, occupying the long 
diameter of the larynx, the rima {ilottidis, through which the 
posterior laryngeal wall is discovered. This triangular aperture 
is dilated in inspiration and contracts in expiration. The wider 
it is tho more fully not only the posterior but also tho anterior 
wall of the larynx is opened to tho view; the patient should 
therefore always be asked to make several deep inspirations, but 
to do so as quietly as possible. 

The rima glottidis is bounded on each side by the vocal cords. 
The posterior part of the vocal cords is usually seen when the 
arytenoid cartilages appear in the mirror, or in ottering the vowel- 
sounds described above. To recognise readily the vocal cords and 
to examine them carefully in their whole lengtb, from their posterior 
attachment to the arytenoid cartilages to the point at which they 
join anteriorly, arc tho principal objects of laryngoscopy. For 
prolonged and thorough examination of the vocal cords, such as 
that often made simply for practice, quiet respiration is most 
favourable, occasionally interrupted only by the production of the 
vowel-sound "eh" or "a,'* 

The rocal cords attract the attention at once, their tcrrdinous 
litstre and iphiteness being quite distinctive ; in quiet reapiration 
only their inner margins, which bound the rima glottidis, are 



416 



A HANDBOOK OF PHYSICAL DUGNOSIB. 



observed, but in pbonation, in producing tbe sounds mentioned 
above, they become visible in their whole breadth, as they are 
thus made to approach each other and close the glottis. 

The vibratkm of the vocaJ cords, both of their whole breadth 
and of their edges alone, may be studied while the patient singa, 
the cords vibrating in their entire depth when the lower notes 
are soanded, and only their edges when the higher notes, 
particularly those which constitute the falsetto voice, are sung. 
In those who have become accustomed to examination the in* 
crease and decrease of these vibrations may be followed cloael] 
while the patient sings up and down a scale. 

The appearance of the vocal cords is practically the same 
throughout their whole extent; at one point only do th< 
present a yellowish spot, the maculft Jiava, about as large as a 
pin's head and situated on their inner edge, close to the arytenoid 
cartilages ; these spots are small nodules of iibro-cartilaginoaa 
tissue, seated on the posterior surface of the cords and shining 
through them. — Whilst the posterior part of the vocal cords is 
always easily enough seen it is generally difficult to get a good 
view of their anterior part, and particularly of their anterior 
angle of junction. If the epiglottis be markedly trough-shaped, 
or curved so as to resemble the Greek letter omega, a very small 
portion only of the larynx is open to inspection, and it is seldom 
possible to get a sight of the point of insertion of the cords.' 
Even those disadvantages may sometimes be overcome, however, 
by securiug good illuniiuation aud by van,-ing the position of the 
hejul and of the mirror to meet the special local conditions which 
oomplicate each case. No precise set of rules can be formulated 
on this subject, but it will in general be found to be of service to 
tilt back the patient's head considerably and to posh the mirror 
more dtvply into the pharynx, pointing it at the same time more 
obliquely do\vuward8. Throwing the head back raises the larynx 
and hyoid hone, the consequence of which is that the anterior 
uii^lt' of the glottis is also elevated and the mirror allowed to 
titill further depressed. If notwithstanding the adoption of thesft 
oxpcilicnta the examiner is still unable to see the point of in* 
•irlion of the vocal cords the patient should be asked to make a 
MTIM of deep inspintiona and rapid and complete expirations ; 
IbilniU raiao the epiglottis agminst the base of the tongue and so 
«BpOM th« parU below, thoogh each view lasts only for an instant. 
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Tlie vocal cords are also Bometimea covered by tougli, clear 
mucuB, which may prevent any proper survey of these and the 
neighbouring parts being made ; a few slight coughs will usually 
expel this mucus. 

Above and to tho outside of the vocal cords, and nmning 
parallel with them, lie the fahe or superior rncal cordft, dis- 
tinguished from the true vocal cords by their judi- rctiduh colour. 
Between tho superior and inferior cords there is situated on each 
side an elongated fissure of variable breadth, the ventriclea of the 
larynx, or verttrides of Marffafiyu. 

It is usually a matter of considerably greater difficulty to bring 
clearly into view the aryteno-ephjlottUleiiu folds, two thin folds 
of mucous membrane of exactly the same colour as the rest of 
the mucous surface, passing from the sides of the epiglottis to 
the anr'teuoid cartilages; they are often hidden by the over- 
hanging epiglottis. Towards their posterior ends small cartilagin^ 
0U8 nodnles are sometimes found, tho cartilages of Wrisberg ; 
frequently, however, these bodies are wanting. 

To tho outside of tlie cartilages of Wrisberg and Santorini are 
seen the pyriform simisi's, formed on each side by the arching 
outwards of the walls of the pharynx ; in phonation these sinuses 
are dilflted to some extent and are therefore then moro readily 
made out. 

TVTieu the illnmination is good, and duiing deep inspiration, 
the parts below the glottis may become so distinctly visible that 
the cartilaginous rings of the trachea may be counted, parti- 
cularly if the larynx be exceptionally wide. The biftircation of 
the trachea is about the lowest point to which it is possible to 
see even under the most favourable local conditions ; nevertheless 
in a few rare cases a view has been obtained of a portion of the 
principal bronchi. 

When by repeated examination in the healthy subject a clear 
conception has been formed of tho shape, mobility, and colour of 
the various parts within the larj-nx, one is in a position to recog- 
nise readily those deviations fi-om the normal type which are so 
often met with iu tlie diseases of the part, whether these diseases 
are uncomplicated and limited to the larynx or arise in connection 
with afTfctionfi of other organs, especially of the organs of 
respiration. The laryngoscopic appearances presented by the 
most important of these affections will now be considered. 

2 E 




418 



A HANDBOOK OF PHYSICAL DIAGNOBIS. 



Acute Catarrh of the Laetnx. 
(Acute Laryngitis). 

Catarrh (or inflammatioii) of the larynx presents the same 
appearances as catarrh of the other mucous membranes: 
redness (vascular injection, sometimes punctate extravasations of 
blood), softening, and swelling. The submucous tissue is also 
usually to some extent involved in the inflammatory process. 

The catarrh may affect, in greater or less intensity, every part 
of the larynx, or it maybe limited to particular parts, such as the 
epiglottis, the arytenoid cartilages, or the vocal cords. In the 
latter case, therefore, we are justified in speaking of an epiglottitis, 
arytenoiditis, or chorditis. 

Inllammation of the rjnglottis is characterized by a deep red 
coloration, more frequently of its posterior than its anterior sur- 
face, and sometimes also, when the inflammation is intense, by a 
greater or less degree of swelling. Inflammations of the posterior 
wall of the larpjx and of the mucous membrane which covers the 
artjtetund cart'ilnfjeB^ are exceedingly common. The last-mentioned 
structures swell up very considerably, tiU they may be as large as 
peas or small beans, and become deep red in colour ; their mobi- 
lity iu inspiration and expiration may also be diminished. — The 
superior or false vocal cords are also often the seat of inflam- 
matory swelling, when they partly hide the true vocal cords; the 
latter then appear narrower than usual, and show only a small 
portion of their margin during phonation. The inflamed superior 
vocal cords also encroach on the ventricles of the larynx or may 
oven obliterate tbem. — But of all the parts within the larynx tJie 
true vneal cords exhibit the most striking changes when inflamed; 
normally white, with a bright tendinous lustre, they become more 
or less deeply injected, and van.' in colour from light rose to dark 
rtnl, which may be spread uniformly or irregularly over their sur- 
fkoQ. Roth cortls are generally affected at once, inflammation of 
only one at a time being comparatively rare. Inflammation of 
miKlemto intensity is marked merely by vascular injection ; in the 
more MVere forms stceUing is also obeerred. The inner margias 
of the <H>rds are then more rounded, less sharply delined than 
noruiatty, and thoir mobihty is impaired, from loss of power in 
tlio inflamed intra •lai7iigc«l musclee. 
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Inflammation of the parts within the larynx is occasionally 
attended by desquamation of the superficial layers of the epithe - 
Hum and the formation of superficial catarrhal ulcers, particu- 
larly on the edge of the epiglottis, on the aryteno-epiglottidean 
folds, and on the vocal cords. The inflamed parts are generally 
coated with mucous secretions, which are often drawn out into 
fine viscous thi-eads, especially between the vocal cords during 
their respiratory movements. 

Chbonio Catarrh of the Larynx. 

(Chronic LarjTigitis). 

This affection may be primary, that is, it may be developed out 
of an acute catarrh, or may be simply chronic in its course from 
the outset ; or it may be secondary, appearing as a complication 
in destructive diseases of the larynx ; or it may be of the nature 
of a local manifestation of some other disorder, such as sj-philia 
or pulmonary phthisis. It is distinguished laryngoscopically from 
the acute form of the affection by the less bright, dirty greyish- 
red colour of the inflamed parts ; as in acute catarrh, however, 
the intensity of this coloration varies from light to dark red. Like 
acute larjTigitis, also, chronic laryngitis sometimes involves 
uniformly the whole of the laryngeal mucous membrane, while at 
other times it is confined to certain parts, such as the epiglottis, 
the arytenoid cartilages, the superior and inferior vocal cords, or 
occasioually even to one of the true vocal cords. As marked 
diftereuces are observed in the degree and distribution of the 
swelling as in the intensity of the inflammatory redness. — Round, 
superficial ulcers are more common in chronic than in acute 
catarrh. 



Cbottp of the Laeynx. 

Laryngoscopic examination is seldom called for in laryngeal croup, 
the 8yiDpt<um3 of the nSbction being bo characteristii; and such as to 
define it so clearly from other diseases of the larynx. Apart from the 
painfulncss of the proceeding, it is scarcely likely that auy attempt to 
explore the larynx in this way would be Bueceaeful, as croup usually 
occars in childien of 2 — 7 years of age. In such cases as have been 
examined the false membranes were seen, accompanied by thickening 
and diminished mobility of the vocal cords and consequent stenosis of 
the larynx. 

2 e2 
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DlPHTHERITIS or THE LaETKX. 

Diphtheritis is riir^ly devtloped exclusively in llie larrnx ; it gene- 
rally begins in the pliarj-nx and on the tonsils, and froua these ports 
spreads downwards. 

Very young children, who are moat frequently attacked by laryngeal 
diphtheritis, can very seldom be sulyectcd to laryngoBcopic examina- 
tion ; the affection, however, Cim usually be diagnosed without it, as 
we know from experience tliat symptoms of stenosis of the glottis 
(crowing and prolonged inspiration), and hoarseness or aphonia, when 
they present themselvoa along with diplitheritis of the pharynx, are 
always due to an extension of the disease to the larynx. Even when 
the pharnigoal diphtheritis is wanting the above-aiontioned indications, 
when observed in young children in districts in which diphtheritis is 
prevalent in an epidemic form, generally warrant one in Hssuming 
confidently the diphtheritic nature of the laryngeal aflfection. 

Phthisib op the Larynx. 

Pulmonary phthifiis is very often accompauied by more or 
less cxtcuaivc laryngeal disease, which may take any of the 
many forma to which the larynx is Buhject, from simple catarrh 
to ulcertitiou and destruction of tissue. 

Phthhical Idrtjnijml cntarrh is iu no respect different in 
appearance from ordinary primary catarrh. — Infiammat'ion of the 
submxtcaus tissue adds considerably to the f^ravity of the disease ; 
when this takes place the mucous membrane becomes not only 
bypericmic but thickened, thrown into folds, covered with 
irregular rounded prominences (like those so often seen in the 
pharynx), and occasionally markedly cedematous. — As the 
phthisical disease advances the sm'face of the larynx is rery 
frequently broken by nh-eratlon. Ulcers of this kind may be 
solitary or multiple ; when crowded close together they may 
coalesce and form one large ulcer. "Wliile they may occur in 
any part of the larynx they are more often met with on its 
posterior wall and ou the epiglottis, — most often of aU, however, 
on the vocal cord», usually both. The ulcerative process may 
attack only the superficial tissues or extend also to the deeper 
layers. The cords, when ulcerated, are generally reddened and 
swollen, and seldom of their natural colour and structure. If 
the loss of tissue be considerable and the ulcers be situated on 
the inner border of the vocal cords, the latter have a notched 
appearance, and when, duiing phonation, they are drawn 
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together, slight irregularities are ohserred in the outline of the 
rima glottidis. In extreme cases one or other of the vocal cords 
may be almost totally destroyed. Laiyngoscopically the loss of 
substance occasionally seems greater than it really is : thus, all 
that is sometimes seen of the vocal cords is a narrow ulcerated 
border ; but this diminution in size is to a great extent merely 
apparent and caused by the undue prominence of the swollen 
superior vocal cords, which then conceal the true cords situated 
beneath them. If both vocal cords be deeply hollowed out by 
ulceration, closure of the glottis may be very incomplete during 
phonation ; a gap of greater or less size will remain between the 
cords. — Phthisical ulcers of the vocal cords have exactly the 
same slmpe as ulcers due to any other cause. They are irregular 
and indented at the edges ; if very superficial and perhaps also 
covered by clear tough mucus thoy are very difficult of detection 
with the lai-yngoscope, but when the mucus is removed, as by 
coughing, their dull greyish-white colour enables the observer to 
recognise them at once. Ulcers of greater depth or which cover 
a larger surface, are seen very readily and are often coated with 
purulent secretion. 

The above-described forma of phthisical disease of the larynx are in 
general scarcely distinguishable, by their laryngoscopic characterB, 
from the same forms of primary laryngeal disease. Very frequently 
the phthisical nature of the laryngeal affection is doubtful till the 
diagnosis is confirmed by the discovery, on examining the chest, of 
ph^sis of one or both lungs. But the larynx may be the seat of true 
phthisical disease at a period when the physical signs of such an 
affection are still wanting in the lungs. In these circumstances the 
following points may bo held to indicate, with considerable constancy, 
the phthisical or nou- phthisical origin of the laryngeal disease ; simple 
catarrh of the larynx disappears spontaneously, as we learn from daily 
experience, in a very short time, on the adoption merely of a few 
simple precautions ; phthisical catarrh, on the other hand, is very re- 
beUious to treatment and shows a great tendency to relapse. Phthisical 
ulceration in particular obstinately resists all therapeutical measures 
and tends rather to spread and to deepen, while catarrhal, non- 
phthisical ulcers usually heal verj' rapidly. 

The order in which the various affections of the larynx appear in 
phthisis bears no fixed relation to the progress of the disease in the 
lungs; in many cases they are absolutely wanting throughout the 
whole course of the pulmonary phthisical disorder. On the one hand, 
a very advanced lung affection may be associated with simple catarrh 
or slight ulceration of the larynx ; or on the other, the ulcerative 
process may rapidly extend, there may be considerable loss of sub- 
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stanco of the vocal cordy, deQudation of the aiytenoid cartilageB. ikc„ 
vhile the pulmonary disorder is etill in a comparatively early stage. 

Syphilis of the Labykx. 

Ab in phthiaiB, so in syphilis, every variety of laryngeal 
afiectioD is observed. 

Syphilitic catarrh of the larj-nx and syphilitic injiamvuiiion of 
the suhmxtcoits tissue, occur generally in the same parts and 
present precisely the same appearances as the simple, primary 
or phthisical inflammations. No specitic character therefore can 
be assigned to these affections till other signs of syphilis are 
discovered (in the fauces, skin, <Src.). 

Syphihtic laryngeal disorders, when they have lasted some 
time, are invariably complicated by the formation of ulcers* 
These lesions are found most commonly on the vocal cords, next 
most frequently on the epiglottis, especially on its free borders, 
and more rarely on the posterior wall of the larynx. They are 
distinguished fi-om catarrhal ulcers, which are generally formed 
very rapidly, by their slow rate of development; larj-ngoscopically, 
however, they often offer no sign which indic&tes positively 
their 8}'philitic nature. In some cases, nevertheless, sj-philitic 
ulcers differ from those of catarrhal or phthisical origin in 
being more nearly circular in form, in the fatty or lardaceous 
appearance of their floor, and in having projecting and sharply* 
defined edges. 

The healing of the ulcers under antisyphilitic treatment is 
naturally the surest proof of their sj'philitic character. They 
heal by cicatrization ; where therefore such cicatrices are 
observed at various points within the larynx it may be assumed 
with almost perfect certainty that the ulcers which preceded 
them were syphilitic, as phthisical ulcers, which are practically 
the only lesions from which they need to be differentiated, as a 
general rule show no inclination to heal. Cicatricfs of any great 
magnitude in the neighbourhood of the glottis give rise to deformi- 
ties and impairment of the mobility of the vocal cords, and to a 
form o^Bteiiims of the rima glottidia, which in certain cases (I have 
860U one such) may become so extreme as to demand the perform- 
ance of tracheotomy. If from neglect, or because their syphilitic 
nature was not recognised, the ulcers do not heal, they may in 
their farther progress produce the most widespread destruction 
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of the various parts of the iar)T)\, denudation and eroBion of the 
cartilages (the epiglottis, in particular, beiug sometimea reduced 
to an irregular, shapeless mass), and destruction of the vocal 
cords BO extensive that only a few ahiio&t unrecognisable reumanta 
of them may be left. 

It has been placed beyond doubt, bj some careful observations, that 
Byphilitic guminata are occasionally, though rarely, developed in the 
larynx. They may occur in any part of the larynx, especially in those 
parts eitaated above the glottis, in the form of circumscribed tomours. 
sometimes golitory, at other times present in nambers, and varj-ing in 
magnitude from the size of a pin's head to that of a pea ; or the gum- 
matous matter may be diffused in the tissues, and so give rise to 
irregular nodulation or wrinkling of the surface. When solitary they 
are rounded in shape, and in aspect are sometimes yellowish, or of 
exactly the same colour as the rest of the mucous membrane. The 
difference in colour depends oa the stage which the gumma has reached : 
in the first stage, that of infiltration (inflammatory swelling), the part 
is red ; in the second stage, that of softening, the yellow colour begins 
to show itself If the morbid material be absorbed a depression or a 
cicatrix is formed, or if it breali up and become disorganized ulceration 
takes place (Scheele, &,c.). 



Perichondritis of the Lahynx. 

Perichondritis, with the subsequent accumulation of purulent 
exudation beneath the perichondrium, the eventual escape of the 
pus and denudation and necrosis of the cartilage, may attack any 
of the cartilaginous structures which form part of the laryux- 
Perichondritis of the larynx is generally a secondary, rarely a 
primary affection, and very often follows phthisical and sj'philitic 
laryngitis, the ulcerative process so begun extending to the deeper 
tisfiuea ; not unfrequently it appears ia the courae of severe acute 
diseases, particularly typhus, sometimes also in diphtheritis of 
the larynx and small-pox. 

Until the pus collected between the cartilage and perichondrium 
has forced its way through the latter structure the signs dis- 
coverahlo by the laryngoscope do not enable one to make the 
diagnosis with any degree of confidence. At those parts at 
which the abscess is forming there is observed a firm, dark red 
prominence, surrounded by inflammatory swelling and projecting 
into the cavity of the larynx, often producing in this way a con- 
siderable degree of laryngeal stenosis ; but it must be remembered 
that a moderately acute inflammation of the submucous tissue, 
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particularly if developed with great rapidity, may present pre- 
cisely the same laryngoscopiu appearances. 

Perichondritis often attacks the posterior portion of the cricoid 
Tiilage, from which it rapidly extends to the other cartilages, 
especially in typhoid fever; if suppuration supervene and an 
abscess be rapidly developed, la^y^lgeal stenosis and the pheno- 
mena of thrcatoniug suffocation are produced. The occurrence 
of perichondritis cricoidea in typhoid fever is nsually readily 
diagnosed on taking into consideratiou the whole course of the 
disease in the case in hand ; kryngoscopicully, also, it is gene- 
rally easily recognised by the firm prominent tumour which 
projects downwards from the posterior wall of the larj-nx. 

Perichondritis of the fkyroid cariiht{/r sfldom occurs primarily 
(except after injuries), but as a rule secondarily, in connection 
with the morbid conditions mentioned above. On the whole it 
is rarer thau pcrichondrilis of the cricoid cartilage. It may be 
uuiktoral or bilateral, strictly circumscribed or spread over « 
comparatively large area. If the inflammation have its seat on 
the outer surface of the cartilage the diagnosis is easy ; most 
commonly however it takes place on the inner surface, being 
often limited exactly to the thyroid notch, when phthisical 
ulceration at the anterior angle of junction of the vocal cords 
extends to this part. Perichondritis confined to the thjToid 
notch is not recognisable by laryngoscopy. As it is also usually 
preceded or accompanied by other diseases of the lenynx (inflam- 
matory swellings, ulceration) the laryngoscopic appearances vary 
with the intensity and distribution of these morbid processes. 

Perichondritis of the ariftetwid cartiUigeSf usually of both, is 
the most common form of the disease, and is often observed 
alone, unassociated with any affection of the other cartilages. 
In most cases it is of syphilitic or phthisical origin ; in phthisis, 
particularly, when the laryngeal disorder has lasted some time, 
the ulceration frequently extends to the arytenoid cartilages and 
partially or totally destroys them. — In perichondritis of one of 
the curtilages, before tho pus formed has escaped and whilst 
nothing is ytt to be seen but swelling of the cartilage, the ap- 
pearance of the ports is in all respects the same as that presented 
in cases of swelling of their submucous tissue, such as is so 
often met with in simple larjiigitis. In the affection under 
consideration, however, the mobility of tho cartilages and of the 
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Tocal cords of the same side is somewhat dimmislied, wliicb i» 
the more striking as tho cartilage of the opposite side is healthy 
and freely movable, whilst in simplo swelliug of the mucous 
covering of the arytenoid cai-tilage the movements of tho part 
are but very slightly restricted. — When the pus escapes the car- 
tilage lies exposed ; if the denudation be merely partial and 
circumscribed it may he completely conceuk-d from view by the 
swelling of the surrounding soft parts ; but if no such swelling 
is present, and the cartilage he separated from its connections 
by the destructive process, there is produced a deep depression 
which occupies the place of the destroyed cartilage, a change 
which is particularly noticeable when the corrcspondiug vocal 
cord is intact. 

The various forms of ulceration or necroBia of the cartilages of 
the larynx, — simple, 8y|jhilitic or phthisical, — are indistinguish- 
able from each other by their laryngoscopic characters alone ; 
the differential diagnosis rests solely on the ascertained nature of 
the coexisting general affection. 



(Edema of tee Larynx. 

CEdema of tho krj'nx may be either partial and circumscribed 
or may involve many of the laryngeal structures. It is most 
marked at those parts at which tho submucous tissue is most 
lax and most capable therefore of accommodating a large amount 
of dropsical etFusion : these parts are the arjieno-epiglottidean 
ligaments, the arytenoid cartilages, the posterior surface of the 
larynx, and the epiglottis. The ttdematons swellings present a 
light yellow or pale reddish coloration, which is strildugly dif- 
ferent from the deep redness of the tumefaction duo to simple 
inSammation. 

The severer forms of oedema give rise to such intense dyspnoea that 
careful larrugoscopic examinfttiou becomes impoKKible, and the Bwelliug 
of the epiglottis also, which is seldom wanting in these cases, is usually 
80 great that tho ictralaryugeal structures ore completely hiddeu from 
sight. If tlie epiglottis be highly ojdcmatous its ewoUen condition 
may usually be observed without the aid of tho laiyngeul mirror, by 
simply depresBing the toogue, &b in such circumstances it rises towards 
the base of the tongue ; tbo tumefaction is also always ensUy detected 
by introducing the finger and passing it over the parts. A high degree 
of ffidema of the intralaryngcal stnictiu-es, particiilarly of the superior 
or inferior vocal cords, or of the aryteno-epiglottidean Ugamente, 
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always prodncos consuierable stenosis of the rima glottidis. Less 
marked cedema, which for obvious reasons is more frequently met with, 
lessens the mobility of the arytenoid cartilages and vocal cords, par- 
ticukriy when the effiision is accumulated chiefly in the submucoas 
tissne of these and the neighbouring parts. This slight partial 
cedematons in&Itration is very often seen accompanying inflammatory 
ulceration. 

CEdema of the larynx is invariably xecoruhiri/ : it appears as a com- 
plication of the most diverse forms of disease of the larynx (particularly 
perichondritis) and sometimes also of the pharynx. Sometimes, though 
on the whole rarely, it is connected with general nephritic and scar- 
latinal dropsy, — As dropsical effasiona within the larynx, when they 
attain a certain intensity, always extend ultimately to the glottis, they 
are geDcrally designated by the collective term adtma of the glottit. 



MouBiD Growths in the Labtnx. 

These are most commonly (iu at least 75 per cent, of the cases) 
seated od the vocal cords, and are comparatively seldom seen at 
other parts of the larynx. 

Theymaybe ai-ranged iiitwo groups, according to their Instologi- 
Cftl stmcture: the fii'st includes those composed of elements which 
occur normally in the larynx, benign growths; the second those 
consisting of heterogeneous tiesue elements, malignant growths. 

To they?rs/ group belong the papillomata, fibromata, myomata, 
and cystic tumom-a of the larynx ; to the second the different 
varieties of carcinoma. 

The most common of the new formations developed within the 
larynx are the fibroid and papillary gro-ni/hs. 

Fibroid laryngeal growths are of moderately firm consistence 
and, though occasionally sessile, are generally connected with the 
part from which they spring by a distinct pedicle. They are 
rounded or oval in shape, vary iu bulk from the size of a pea to 
that of a hazel-nut, have usually a smooth, but sometimes a 
granulated or even lobulated surface, and are whitish, pale 
yellowish-red, or vivid red in colour. The differences in colour 
depend on the greater or less vascularity of the tumour. 
Fibrous growths ordinarily spring from the upper surface of the 
vocal cords and from their inner borders, and in the latter case 
may be found attached to any part of the margin ; not un fre- 
quently they are seated at the anterior insertion of the cords, 
and when of small size the observer has considerable diffi- 
culty in seeing them in this situation. They are seldom met 
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with at other parts of the larynx. Fibrous tomonrs of the larynx 
are developed from the sabmoeoiis oonnectiye tissue. 

The papiUomaiouM growths are formed by hyperplastic develop- 
ment of certain portions of the mucous membrane with simul- 
taneous hypertrophy of their epithelial covering. They assume 
the most diverse forms : they may be elongated or rounded, 
pedunculated or flat and sessile, of a warty or grape-like appear- 
ance, or may occasionally resemble closely a strawberry or rasp- 
berry. Their colour is a dull white, or whitish-yellow when th^ 
contain a large proportion of fatty tissue, or pale reddish when 
they are more richly supplied with blood-vessels. 

The surrounding parts may be healthy, or may present the 
signs of active inflammation. Papillary tumours most commonly 
grow from the upper Budace and inner borders of the vocal cords; 
they may be situated, however, on the under surface, when it is 
somewhat difficult to form any estimate of their actual size, even 
when thev project beyond the mai^in of the cords. They are 
seldom observed on the superior vocal cords, the ventricles of the 
larynx, or other parts. In phthisical laryngitis a number of small 
greyish-white excrescences of papillary aspect are sometimes 
seen on the posterior wall of the larynx between the arytenoid 
cartilages, scattered over the swollen, inflamed, and possibly 
also ulcerated mucous membrane, but these are not regarded 
as new formations in the strict sense of the term. 

Cystie tumourt of the larynx are rare ; they are of small size, and 
oeeur most usnaUy on the superior vocal eords and the ventricles of 
the larynx, oc<aurion»ny al«> on the infierior vocal cords and the epi- 
^ttis. — Lipoma and myoma have been observed in the larynx in only 
a few exceptional eases. 

CkBcmoTuxozs Gbowths di the Labtkx. 

Caneeroos growths are very rarely developed primarily in the larynx, 
or nnassodated with malignant disease dsewhere; they generally 
extend to the larynx from neig^iibooring parts, the pharynx, cesophsgos, 
&e. As the tissues so invaded are genmlly so altered in aspect as to 
be onrecognisable, and as the eaaeerons growth is usually of some eon- 
siderable size and its rate of increase more r^id than that of any 
other new formatiCT, the laryogoseopie appearances of the parts 
attacked scarcely admit of desoiption. Growths of this kind have a 
very ron^, eaoliflower-like sarfiue, which Coatore alone, especially if 
the growth be extensive, is sufficient to indicate eleariy their eard- 
nomatons natore; the diagnfiris becomes more certain idien stnnlar 
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new formations are discovered in the adjoining parts, snch as the rootj 
of the tongue, or when the lympliiitic gliiDds are found to be affected bj 
canceroua degeneration and the other signs of malignant disease ara 
observed in the patient. When such tumours are large they naturally 
cause a cortaia degree of stenosis of the larynx. 

The forms of niali},Tiant growth deBcribed as occurring in the larynx 
are fjiithtlinl and vteduUnrn cancer. The first is the more commoa 
variety, and that also which appears primarily and sometimes remains 
localised for some considerable time iu this situation.* When 
epithelial or medullary cancer has spread from tl)o phaiynx to the 
larynx the epiglottis is generally the first part attacked bj the disease. 



Fnrfuin htjilies m the larynx, when not, as usual, expelled by cough* 
ing, excite most intense dysputna and a distressing feeling of siifl'oca«1 
tion. They may be caught and retained in the folds of the mucous 
membrane or may be impacted at any part within the larynx, euch as 
tlie ventricles of Morgagni. The largest objects that have been re- 
moved from the larynx are sets of artificial teeth ; several instances of 
this kind are on record. 



Spasm and Paiialysis op the Vocal Cords. 

Temjiornry closure of the glottis takes place from spasm of 
those iutriusic laryngeal muscles which approximate the vocal 
cords {spasmus glottidis) ; it occurs most frequently in children, 
and next most I'lL^iuently iu ilie hyBtcriciil attacks of adults. The 
closm-e may be complete or incomplete. 

Paralysis op the Vocal Cords. 

Paralysis of the vocal cords is due to a great variety of causes. 
Two forms of the affection are recognised, central and peripheral 
paralysis : the first of these is very rare, being observed in con- 
nection with cerebral apoplexy f at the part at which the vagas 
nerve baa its origin, while the second is exceedingly common. 

Periphtnil paralysis of the vocal cords may be nenropathic 
(that is, caused by interference with the motor nerves of the 

* I hare observed one case of epithelial cancer of the epiglottic, in which the frM 
bord«r of the latter was traosforuied into an irregular, ehipeleaa tanss, which waa of 
■uffident aize to produce oonaiderable atenosis of the lorj'nz ; in the interior of iha 
Urynx nothing abnormAl ooald be leen. 

f I httTB had under ob»enration a caae of apoplexy in which complete paralysis, of 
oeDtial origin, of the /«/> vocal cord, together with paralysii of the right hjrpoglo^l 
ncnre and alitrht facial paresis, were suddenly dereloped, willioot any othor aiga ot 
distubance of motor power. 
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laiynx sacli as to deprive tbem of their conducting power), or 
myopathic. 

The neuropathic paralyses are generally of mechanical origin, 
being commonly produced by pressure on Ibo inferior laryngeal 
nerve or the vagus by large tumours of the thyroid gland or of 
the cervical or bronchial glands, by tumours of the mediasti- 
num and aneurisms of the aorta ; in tho laHt-meutioned case 
the paralysis always aflects the left recurrent laryngeal nerve. — 
Neuropathic paralyses of the vocal cords occur also in certain 
infectious and zymotic diseases (dipbtheritis, typhus, &c.) 
.and in hysteria. 

In tho great majority of instances, however, paralysis of the 
vocal cords is myopathie. Two varieties have been distinguished 
from each other : 1 . paralytiis of the vocul cords in the proper 
sense of the term, that is, the form in which the unmobility of 
the cords depends solely on paralysis of the muscles, the laryngeal 
Btracturas being in other respects normal ; 2. paralysis due 
simply to mechanical conditions, in which the loss of motility is 
caused by other laryngeal diseases, such as a high degree of 
swelling of the vocal cords and the parts in immediate relation 
with them, cicatrization after ulceration, &c. Cases of the latter 
kind are characterized, not by complete paralysis, bat rather by 
greater or less impairment of the mobihty of one or both cords ; 
they have already been under consideration on a preceding page. 

The paralysis may involve one cord or both ; it is sometimea 
incomplete (paresis), at other times complete (paralysis). 

In order to the better nnderstfindiog of the krynf^oscopic appearances 
in the various forma of paralysis of the vocal cords the actions of the 
different intrinsic muscles of Uio larynx may hero be shortly stated. 

There are three groups of muscles which move the vocal cords : 

1. The muscles which separate the arytonoid cartilages (and with 
them the vocal cords) from each other, and which in this way tlilate 
the glottis, as in inspiration ; ihe poxtcrior ciii-o-uri/temn'd mu^cUv have 
this action. 

2. The muBcles which approiimate the orytenoid cartilages (and 
with them tho vocal cords) to each other, and so cinitruct the glottis. 
The principal muscle of this group is the iromvcrne arytnioid mujiiit', 
whose action is aided bj' that of the oblijjue an/tiitvitl -musdrji. The 
glottis is also contracted by the lateral irico-anfteiwiil nnuiihs, 

3. MoBcles which utrelch and render tense tlie vocal cords, and so 
tend also to bring them closer to each other. To this group belong tho 
crico-tfiyroiil and ihijro-arylenoid mtucla. 
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Unilateral Pabalysib of the Vocal Cobdb. 

The left vocal cord is mucli more frequently paralysed than 
the right. If the loss of power be complete, all the muscles 
which act on the cord, the dilators, constrictors, and tensors of 
the glottis, being paralysed together, the aflFected cord and its 
correspond Lug arytenoid cartilage remiiin perfectly immovable 
during respiration and phonation ; the unaflFected cord, on tha j 
contrary, particularly when the higher notes are sounded, moves 
unusually af;tively, and crossea over the middle line even as far 
as the paralysed cord, and in this way usually completely closet] 
the glottis. The movements of the sound cord may indeed be 
so energetic that the corresponding arytenoid cartilage not merely 
touches that of the opposite side but passes over it some little 
distance. In all cases in which the unaffected cord comes into 
contact with its fellow the rima glottidia is directed obliquely 
towards the paralysed side. On sounding a deep note, which 
does not require for its production such a degree of tension of 
the healthy vocal cord, the latter does not cross the median 
line 80 far as to reach the paralysed cord ; the closure is there- 1 
fore then imperfect, a small gap being left between the vocal 
cords. — "When the paralysis has lasted some time the cord 
loses its shining tendinous appearance, becomes dull and lustre- 
less and somewhat wrinkled on the surface, and the arj'tenoid' 
cartilage to which it is attached grows paler in colour and 
atrophies slightly. 

Tbe above-described more or less complete paralysis of all the 
muscles of one of tbe vocal cords is the most common form of uni- 
lateral paraljsia and is very easily recognisable. — Paralysis restricted 
to certain tnascles is more seldom met vrith. If it be confined to tbe 
dilators of the glottis tbe vocal cord of tbe affected side remains fixed 
in inspiratioQ; phonation, on the other hand, is not interfered with, 
the muscles which contract the glottis and stretch the cords are intact ; 
cloBUTG of tbe glottis is thus normal and complete and both cords 
vibrato freely. When the paralysis is limited to the tensors of one of 
tbe vocal cords the movements of the cord in respiration and phonation 
are natural and normal, that is, the closure of tbe glottis is perfect ; the 
affected cord, however, does not vibrate iu phonation, it tends to curve 
outwards and shows on its border a boat-shajvd lieprasion, from deficiency 
of tension longitudinally (Navratil). If the paresis of the tensors of 
the vocal cords be bilateral the glottis becomes tUiptical in phonation. 
Unilateral paralysis of the tensors of the glottis, when it appears aa , 
part of a complete paralysis of one of the vocal cords, may also 
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recognised by the absence or compBrative feebleness of the sensation of 
vibration which shoald be fett on placing the finger on the outside of 
the thpoid cartilage, on the side corresponding to the affected cord 
(Gerhardt). 

Par&lyeis of tlie qjitjlottis is an exceedingly rare affection (Lenbe, 
Gerhardt) ; if it be unilateral, produced by paralysis of either of the 
superior iaryngeal nervefl, the epiglottis is stated to be turned obliquely 
towards the Bound side, while the upper part of the interior of the 
larynx, on one side, ifl devoid of sensation. 



Bilateral Paralysis of the Vocal Cobdb. 

Bilateral paralysis of the muscles which act oil the vocal cords, 
Qnlike unilateral paralysis, is usually complete. There are two 
forms of the affection : 

1. Bilateral paralysis of the constrictors and tensors of tha 
glottis ; and 2. Bilateral paralysis of the dilators of the glottis. 

If the whole group of constrictor muscles on both sides be 
paralysed the vocal cords are almost motionless during inspira- 
tion and expiration, and in phonation moTe only very slightly 
towards the median line ; even in forced phonation they never 
come perfectly into contact with each other, or if they do for an 
instant touch they at once fall asunder again. The vibration of 
the cords is also very imperfect, as the muscles which draw them 
together, the constrictors of the glottis, are also to some extent 
tensors of the vocal cords. If the paralysis of the constrictors 
he incomplete the movements of the vocal cords in respiration 
and phonation are not entirely abolished, though they are much 
less extensive than normally j a great many intermediate stages 
hetween absolute immobility and normal freedom of movement 
are observed. — Bilateral paralysis of the constrictors of the glottis 
may also be partial in this respect, that the loss of power may 
he limited chiefly to the lateral crico-arytenoid and the thyro- 
arytenoid muscles, or to the transverse arytenoid muscle. The 
following varieties of this partial paresis are met with : 

a. The anterior angle of junction of the vocal cords is closed 
and the arytenoid cartilages touch each other in phonation, while 
the other parts of the cords make no movement towards each 
other, the middle portion of the rima glottidis, the pars ligamen- 
tosa, remaining open ; this condition indicates paralysis confined 
chiefly to the lateral crico-arytenoid and the thyro- arytenoid 
muscles. 
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b. The ligamentous portion of the vocal cords closes oormally, 
hut the cartilflgiDotis portion continues open, the arytenoid carti- 
lages remaining fixed ; here the paralysis affects principally the 
transverse arytenoid muscle. 

r. The vocal cords come together only in their anterior part, 
the rest of the lignraentous and the whole of the cartilaginous 
portion remaining open. 

Bilateral paralysis of the dilators of the {glottis is much less 
common than that of the constrictors. It presents the following 
laryngoscopic appearances : the vocal cords, even in quiet respira- 
tion, are ahnormally close together, the rima glottidis being 
reduced to a mere chink between them. In inspiration the cords 
are not drawn apart ; they are, on the contrary, approximated to 
each other by the diminished pressure of the air, the glottis is 
almost completely closed, extreme dyspncea is established, and 
inspiration accjuires a •whistling, sonorous character which is 
quite distinctive of stenosis of tbe glottis. In expiration the 
cords arc again separated slightly, but only so far as to leave the 
above-described narrow chink through which the air may pass. 
In phonatioti tho vibration of the vocal cords, and the movements 
of these structures and of the arytenoid cartilages towards each 
other, are normal, the constrictors of the glottis and the tensors 
of the vocal cords being intact. 

Apart, perhaps, from the appearances observed in complete anilateral 
paralysis of the vocal cords, there is no more Btrikuig group of signs 
connocted with motor disorder of tbe parts within tho hvryux than t^t 
juBt described, associated with bilateral paralysis of the posterior crico- 
arytenoid muaclcs, Although the number of cases of this form of 
psuralysis recorded in medical Uterature is up to tbe present time rather 
small, it seems not to bo so rare aa affection as might on that accoant 
be supposed ; I have seen two such cases, both patientj» being 
hysterical. 

In most cases of paralysis of the vocal conls there is more or 
less change in the voice, hoarseness of all degi-ees of severity up 
to complete aphonia, or simply difficulty in the formation of 
sottnds, observable soraetiraes only in the upper notes, sometimes 
only in the lower. The loss of voice is complete when the vocal 
cords and tho arytenoid cartilages are not properly approximated, 
a space of variable breadth being left between thorn even during 
tho most strenuous efforts to produce a sound ; the voice fails also, 
even though the closure of the glottis be complete, if the cords 
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have lost their power to vibrate, from paralysis of the tensors of 
the glottis. If the glottis close perfectly, however, and if the 
paralysed cord vibrate normally, the strength and purity of the 
voice may be preserved unaltered. But if the cords do not come 
folly and accurately into apposition, if, for instance, the glottis be 
completely closed in its ligamentous but not in its cartilaginous 
portion, the voice becomes hoarser. — With regard to the difficulty 
in the formation of sounds, or alteration or failure of the sound 
when the voice is of a certain pitch, the most diverse modifica- 
tions are observed ; the only general statement that can be made 
on the subject is that the number of sounds that can be uttered 
by the patient and their purity depend — provided always that 
notwithstanding the unilateral paralysis of the vocal cords efficient 
closure of the glottis takes place — on the amount of vibration of 
which the affected cord is capable. Thus, the voice very readily 
breaks into falsetto when only the inner margin of the paralysed 
cord enters into vibration ; it, on the other hand, becomes deeper 
in pitch when the cords are shortened and relaxed, from paresis 
of the thyro-arytenoid muscles, a form of the affection which is 
not uncommon. When energetic attempts at phonation are made 
sounds may naturally still be produced whicb are not heard as 
the result of feebler efforts, as in the former case more accurate 
closure of the glottis takes place and the vocal cords are thrown 
into more active vibration. Diphthonia is sometimes observed 
when the tension of the vocal cords is unequal on the two 
sides. 

In all other affections of the larynx, from simple catarrh to the 
destructive ulcerative processes, temporary or permanent impair- 
ment of the voice, varying in intensity from time to time, amount- 
ing in some cases merely to slight hoarseness, in others to complete 
aphonia, is a symptom almost as constant as cough in the various 
diseases of the respiratory apparatus. But just as the cough 
cannot be said to be characteristic of the special nature of the 
pulmonary disorder, so the alteration in the voice indicates only 
approximately the nature, seat, severity, and extent of the 
laryngeal affection. 
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Abdomen, kuacnlt&tioa of, 8i}9 ; depres- 
sion of, 331 ; enlargfitaent. of^ 317 ; 
icspection of, at7; ^patioa of, 328; 
percDflUon of, 338. 

Abdominal diaeucB, cytmoeu, in, 16, 

Abdominal fiictioa, 33(>. 

AbBomul tnbstancee in the urine, 3Si. 

Abiolnte cardiac diilnew, 'ibi. 

Aooelentioa of respiratioc, 43 ; in bron- 
chial astbmii, 47 ; in cardikc disewee, 
'IC ; in feTer, 44 ; in painfal aflectiaoB, 
43 ; in pulmudiuy diseaMS, iH. 

Accessory mnsclea of respinvtion, 49, 

Acddental cudiao mnrmuni, *iilC. 

Activity of the pulse. '246. 

Acute yellow atrophy of liver, peicusBon 
dulnesa in, 849, 

.fisophoQjr, 175, 

AJbamen m spntunt, 186 ; in nrine, ?>84. 

Alkaline fermentation of the urine, 381. 

Atimionia£o.magnein.in phosphate in the 
urine, 39A, 

AmorphoQg elementA of sputum, 186, 

Amount of talee, HH. 

Amphoric murmoni, in perforation of the 
bowct, 37'2. 

Amphoric resonance, 105; in pneumo- 
thorax, liJ4i ; over pulmonary cavities, 
i05. 

Amphoric respiratory mnrmnr, ISS ; in 
pneumothorax, 140; over pulmonary 
cavitit's, I '.Vi. 

Anaemic cardiac murmnis, 286. 

AneurLim, aortic, physical signs of, 294 ; 
pulsation in, 'i'20. 

Aortic area, :.'6 1 . 

Aortic mnrmuta, 291, 293, 

Aortic sounds, 30 f. 

Apex- beat of heart, 20S ; displacement of, 
2l(.i ; in cardiac hypertrophy, '212 ; en- 
feeblement oi,'lVi ; increase in force of, 
'214. 

Argyria, IK, 

Arterial munnnrs, 304. 

Arterial 8oundB.29!«; from compression, 30*2. 

Arteriea, uu«;iiltation of, !299 ; inapoctiun 
of, -223. 

Arytenoid cartilages, examination of, 416. 

Ascarides lumbricoiiiea in vomited mat- 
ters, 398. 

Ascites, conditions in which developed, 
368 ; diagnoBiK of, from ovarian tomonr, 
339, 3fl« ; dislocation of liver in, 346 ; 
inspection in, 3'21; palpation in, 385; 
percoBsion in, 361. 
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Asthma, bronchial, aoceleration of respi- 
ration in, 47; Leyden's theory r^ardiog 
causation or, 188, 

Anscultation, 1 19; of abdominal organs, 
.%9; of arteries and veins, :^99; of 
cough, 164 ; of gastro-intestioal canal, 
870 ; of gravid uterus. 374 ; of heart, 
260; history of, 119; immediate, 120; 
of longs, 119; mediate, 131 ; methods of, 
120 ; of cesophagns, 3ti9 ; of voice, 168. 

B. 

Biliary pi^ent in sputum, IB4. 
Bilirubin in the urine, 877. 
Bii^muth test for sugar in the mine, 388. 
Block pigmented Hpnta, 194. 
Bladder, palpation of, 339 ; percoasion of, 
.'k;i:. 

Blanching of the surface, ID, 

Blood, the, in lenkiemia, ^1 ; in the 
motions, 404 ; in sputa, 190 ; in oiine, 
878 ; in vomited mattcfs, B96, 

Blue sputa, 196. 

Borborygmi, 87*2. 

Bronchial diseases, percnasion-soond of 
chest in, K(i, 

Bronchial fremitus, 68. 

Bronchial recpirat^jry mnrmur, 130; in 
condensation of Inng, 183 ; normal 
limits of, 130 ; physiul cwiao of, 136 ; 
in pulmonary cavities, 13^. 

Bronchiectasis, sputum in, 204. 

Bronchitis, indeterminate rpspiratory mur- 
mur in, 14,') ; putrid, eptitum in, '2U'2. 

Bronchophony, 1()9 ; physical cause of, 
172 j in plenrisT, 171- 

Droaxing of the sMn, 18. 

Bruit de diable, 308. 

Brtiit da pot m^ 102, 

C. 

Oalcoli, intestinal, 40fK 

Oanoer of the larynx, 4*27. 

Carbon in sputum, 194. 

Cardiac diseases, acceleration of raapin- 
tion in, 40 ; cyanosis in, 14. 

Cardiac dulness, absolute, '253 ; in hydro- 
pericarditim, 259 ; in hypertrophy of 
lieaxt, 257; in pericarditis, '258 ; reiativo, 
'Jab. 

Cardiac mnrmun, 270 ; anmiaio, 28G ; 
combinations of, 292 ; dnration of, 288 ; 
inorganic, 286 ; intensity of, 281 ; or- 
ganic changes which cause, 286 ; pro- 
pagation of, 288 ; rhythm of, 281 ; 
sounds heard with, '284. 

' 2 
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Cardisc aotmdB, 260 ; intenaification of, 

in hypertrophy of heart, 272. 
CaTdio-puImonary murmurs, 313. 
Carotid marmnni, K(M. 
Carotid sounds, 800. 
Catarrhal pDeumoQia, Bpntnm in, 199. 
OatecbiD in the nrise, SHi. 
Oanstic potash te»t for ang&r, 385. 
Oavemoiu fremitus, 89. 
Gavemoiu phenom«ii». See " E^olmonary 

Carities." 
Celerity of the pnlse, 246. 
Cerebral disease, prolongation of respira- 
tion iD, 54. 
Cbeflt, contraction of, 31 ; dilatation of, 

29; flacttialion in, 70; localised de- 

prewions of, .^ ; mensaration of, 34 ; 

palpation of, 62 ; percoMioii of, 71 ; 

peroosaion-eound of, normal, 76. 
Chronic dieeaaes, temperature in, 7. 
Chejrne-StokeR reapiration, 56. 
Chloride of aodioia in urine, 383 A 384. 
Chyluria, 387. 
Cirrhoaia of liTer, percussion dnloem in, 

348. 
Coarse bubbling raleH, IbH. 
Ooloar of «potum, 189 ; of uriae, 376. 
Oompreesion, arterial Boundi prodooed by, 

302. 
Omgestion, venons, 2'26. 
OoDiistence of Hpntnm, 187. 
ConsonaDce, 137. 
Constipation, 398, 
Constitution, rarieties of, 19. 
Ooniraction of chest, 31 ; after pleurisy, 

38. 
Contraction of lirer, 347 ; in acute yellow 

atrophy, 349 ; in drrbo^ie, 348. 
Cough, auscultation of, 1G4 ; frequency 

of. IHi; ; in pertussia, 167 ; tone of, 168. 
Cracked-pot percussion-tonnd, 102 ; in 

pleurisy, 104; in pneumonia, 104; in 

pulmonary carides, 103; in thoracic 

fistnta, 104. 
Oreptatioa, 161 ; artificial, 152. 
Critts, 6. 
Croup, laryogoaoopic examination in, 419 ; 

rciipimtory movementa in, 40. 
GiTctkla in apnta, 183. 
Qyanoaia, 13 ; in abdominal diww, 15 ; 

abKDoe of, in chronic dinaaea, 13 ; in 

eardiac dii c a a e a , 14 ; in palmoonry 

diaeaaee, 1.?. 
Cyrtometer, 3$. 
(^tic tumour* in larynx, 437. 
Qyttine is the urine, 895. 

D. 

D^ris of Inng-tiMue in sputnm, 179. 
Daliukitatiivn of lungs, 108. 
Dan»ity of thi; unne, ."182 
OtpraMtona of aUkxuen, 321. 
Dap i aa ai o n t. looaluwi, of cbMt, IS. 
•" " ■ apwol orinain, STS; qndSe 
of uriM in, 9BS. 






UanlMaa, 400 



nrtM, propartaaa of, 387. 



Diastolic thrill, 288. 

Dicrotiam of pulse, 247, 

Dilatation of chest, from mediastinal 

tumour, .30 ; in pnemnotborax, 30 ; in 

pulmonary emphysema, 31, 
Dilatation of stomach, inspection, 318; 

percneaion, 367. 
Diphtheritia, laryngoacopic examisatioD 

m, 42Q. 
Diphthonia, 433. 
Dislocation of kidney, inspection, 390 ; 

palpation, 337 ; percussion, 866. 
Dialocation of liver, palpation, 327 ; p«r- 

cnssion, 343. 
Displacement of apex -boat of heart, 210, 
Dislribudon of fluid within the pleuiK, 85. 
DtTisioQ of the heart-aounda, 275. 
Doable arterial mnrmozs, 807. 
Dropsy, 21 ; hydnemio, 23 ; pa«dTe, 32. 
Dry rAles, 158 ; sibilant eonorooa, 159. 
Dyspnoea (see aooeleration of respiration), 

48 ; cause of, in asthma, 48 ; beat as a 

cause of, 44 ; subjectiTe, 48. 

E, 

Echinoooocna-Teaicles in sputum, 184. 

Elastic fibree in sputum, 179. 

Emaciation, 20. 

BmphyBema, pulmonary, cyanoaia in, 14 ; 
dilatation of chest in, 31 ; dialocation of 
liver in, 344 ; displacement of apex beat 
of heart in,21] ; in determinato lespira* 
tory murmur in, 142 ; pneumatic treat- 
ment of, £9; resistance to percussian In, 
116; respiratory movements in, 39; 
venous congestion in, 225. 

Emphysema, subcutaneous, 25. 

Encysted peritoneal effusion, 864. 

Endocaidiial mnrmum, 279 ; thrill, 235. 

EpiKastrinm, systolic pulsation in, 219. 

Epiglottis, examination of, 414. 

Epithelial tnbe-casts in the mine, 892. 

Epithelium in the spntnm, 177 ; in the 
urine, 390. 

Excreta, examination of, 376. 

Expiratory murmur, 129. 

Extent of heart's impulse, 317. 

F. 

Fiscal aocnmulations, palpatioo of, 3SA, 

Fatty acids in the sputa, 202. 

Femoral reins, pulsation in, 333. 

Fever, 3 ; acceleration of napiimtioB in, 
44 ; crisis in, 6 ; pnlae in, 8 ; tem- 
perature in, 3. 

Fibrins in the nriBe, 887. 

Fibrinons caata, in the spnta, 180; in Iha 
nrine,398L 

Fibroma of the larTnx, 426. 

Fignrate elamcnta in the nrine. 889. 

First artenal aonnd, CMiaa of, 270, 

Fistula of thorn, cndbed-poc 
aioB-eoaBd Ib, 104. 

.Flmilialiuu, aanaarioa of, in the chest. 70. 

Find in tte alliBaBlni7 canal, pulpatioo 

Fatal heait, aooada ol, iJi. 
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Foretgn bodies in the laiynx, 428. 

Form of the aputa, 187. 

Framitiu, broachial, 68 ; carernoiu, 69 ; 
endocariiial, "235 ; hepatic, 32^ ; peri- 
cardial, 23« & 295 ; pleural, Oe ; vocal, 
(or pectoral), 63, 

Freqaenc^ of cough, 1 6fi ; of pulse, 239 ; 
of respiration, 42. 

Friction, abdominal, 330; pericardial, 
295 ; pleuritic, 161. 

Fulness and !(caiitiiies8 of percuaaion- 
sound, 101. 

Fanginti growths in the motioni^ 4M ; in 
theapntnm, 183. 

G. 

Oall-bladder, enlarged, palpation of, 328. 
Gall-stonea, 400. 

Oaogrese of lungs, sputum in, 202. 
Gaa in peritoneum, peTcoasioa-aouod of, 

3«0. 
Gastric tnurmura, 370. 
GaatFO-inteatiiial canal, auseultation of, 

370. 
General nutrition, condition of, 20. 
Gmelin's test for bilirubin, 377. 
Granular tube-ca^ts in urine, 3(t2. 
Grauid uterus, auscultation of, 374. 
Great vbrsuIs, pulnntion of, 238 ; systolic 

pulsation in. 220. 
Gie«a sputa, 193. 

Gummatn, syphilitic, in the larj-nx, 423. 
Gurglins in the intestines, 871. 
Gutbrod-Skoda theory of causation of 

cardiac impulse, 208. 

H. 

HBtnatflmesia, 393. 

Bjecanturia, 37t«. 

HtBtnantograpby, 248. 

Hiemoglobinuria, 379, 

Bjemoptjsls, 190 ; diagnosia from Iuem&- 

temeaia, 190. 
Hard poise, 246. 
Harsh respiration, 126. 
Heart, au^ultation or, 2(iO ; hypertrophy 

of, 312, 266, 272 ; impulse of, 2utj ; 

percoanon of, 262. 
Heart-aonnda, enfeeble men t of, 274 ; 

foetal, 874 ; impurity of, 274 : intensity 

of, 271 ; metallic, 276 ; redupticatton 

of, 275, 
Heat-dyspncEo, 44. 
Helmholti'9 TCHonators, use of, in de* 

termining ^ize of pnlmoaary vomicie, 

95. 
Hepatic diilneas, limits of, 342. 
Hepatic fremituA, 3'Jt). 
Hepatic veins, pokation of, 2.12. 
Hippocrates acquainted with ausculta- 
tion, 1 19. 
Hippocratlc nuccuAsion, 168. 
Hamming-top murmurs, 308. 
Hatohinson's spironieter, 67, 
Hyaline tube-casti* in the urine, 392. 
Hydadd diseaae of liver, hepatic fremittui 

in, 326. 



Hydatid disease of spleen, 332. 

Hydriemia, as a cause of dropsy, 23. 

Hydronephrosis, palpation in, 338 ; per- 
cussion in, 3ti6. 

Hjdropericardinm, cardiac dulneas in, 
269. 

Hydrothoran, percussion in, 86. 

Hyper-dicTOtous pulse, 248, 

Hypertrophv of heart, cardiac dnlnesa in, 
265 ; carcfiac sounds in, 272 ; cansea of, 
216 ; displacement of apex -beat in, 
212; iucreasod force of apex-beat in, 
214, 

Hypertrophy of spleen, 818. 



Ictenu, 15 ; two forms of, 17. 

Illumination of the larynx, 408. 

Impulse of heart, 206. 

Impurity of heart-souDdo, 274 . 

Indeterminate rales, 164. 

Indeterminate respiratory murmur, 141. 

Indican in the urine, 380. 

Inorganic cardiac murmurs, 286. 

Inorganic salts in the urine, 384. 

Inorganic sediments in the urine, 393. 

Inspection, general, 10 ; of abdomen, 
317 i of arteries, 238 ; in asdlea, 821 ; 
in dilatation of stomach, 319 ; of dislo- 
cated kidney, 320 ; of hypertrophied 
spleen, 31H} in intestinal oiMaeea, 819; 
of omental, ovarian, and uterine to- 
moors, 81!) ; of pnecordial region, 206 ; 
in renal diseases, 320 ; of thorax, 28 ; 
of veins, 224. 

Insufficiency of jugular valves, venous 
pultiation in, 23li. 

Intensity of cardiac miinnurs, 281 ; of 
he»rt-Hound», 271; of jwrcussion-sound 
of chest, 78 ; of rales, 149. 

Intermisiiion of puke, 242. 

Intermittent fever, temperature in, 7, 

Intermittent venous murmurs, Sll. 

Intestinal calculi, 40(i. 

Intestinal discbarges, examination of, 398, 

Ictestinal diseases, inspection in, 31:9. 

Intestinal murmurs, 372. 

Intestinal worma, 406. 

Intestine, percussion of, 368. 

Irregularity of pulse, 240, 



Jaundice, to ; yellow or green sputa in, 

194. 
.Jerking respiration, 126. 
Jugular murmurs, systolic, 313. 
Juguliur veimi, undalatiou of, 227. 

K. 

Eidneyo, diagaosis of movable, .S37 ; dia- 
Icxuted, inspection of, 320 ; pa]{Mtion 
of, 336 ; percussion of, 864. 



Ltennec'e theory of causation of bronchial 
respiratory murmtir, 136. 
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Laryngeal diaeaMs, prolongation of rospi- 
ratioa in, 63. 

Laryngeal morbid growths, 4SS, 

Laryngeal phthisis, 120. 

Lai^mgeal respiratory niiinnnr, 130, 

Laryngeal sypriilis, -l?2. 

Laryngitis, acnte, ■118 ; chronic, -119. 

LaryogoBcopy, 408, 

Larynx, acute catarrh of, 418 ; cancer of, 
427; chronic catarrh of, 419 ; cronp of, 
419; cyitic tumours of, 4;;7 ; diphthc- 
ritia of, 420 ; foreign bodiea in, 42H ; 
morbid growths in, 4°2('> ; cedema of, 
425 ; perichondritis of, 423 ; phtJuais 
of, 42U i Byphilifi of, 422. 

Lendn in the urine, 895. 

Leoksmia. the blood io, 331. 

Leyden'i tneory of cansatioa of bronchial 
asthma, 1S3. 

Liver, contraction of, 347 ; dislocation of, 
313 ; enturg«ment of, 345 ; pain on 
pressure OTcr. 326 ; palpation of, 824 ; 
percnssion of, 341, 

Lung, auscultation of, 1 19 ; normal limits 
of, lOy ; percussion of, 76, 

U. 

Mediastinal tumours, dilatation of chest 

from, 30. 
Uedioatinitis, fibrous, pulsus paradozna 

in, 244. 
Mediate auscultation, 121. 
Mediate percuiisioD, 72. 
Medium-aixed bubbling r&lea, 163. 
Melanin in the sputum, 1 95, 
Melanotic cancer, pigmented urine in, 380. 
Mensuration of chest, 34. 
Metallic echo, 106, 
Metallic heart-aounds, 275. 
Metallic percnsaion-aonDd, 105. 
Hstallio rales, 156. 
Metallic tinkling, 156. 
Metamorphosing respiratory munnur, 138. 
Metamorphosifi of ooiouring-matter of 

saoguineoos sputum, 192. 
Meteorism, intestinal, percuaaion-sound 

in, B69. 
Mitral area, 201. 
Mitral murmurs, 288 A 293. 
Mitral stenosis, reduplication of hearts 

sounds in, 278 ; venous pulsation in, 

230. 
Moore'n teat for sugar in the urine, 38K. 
Morbid prowths in the Urynx, 426. 
Morphological elements of the !«putam, 

177. 
Motions, blood in, 404 ; concretions in, 

40fi ; fungi in, 406 ; pus in, 406 ; worms 

in, 406. 
Movement* of respiration, 37. 
Movcmonta in the veins of the neck, 227, 
MaoU'purutent sputum, 18l}. 
MnooBB sputum, IHS. 
Maetn in the vputum, 1X6, 
ICuoos in the urine, 837. 
Murmur, expiratory, 189 ,- pLicental, 374 ; 

rcapiratory, IXS. 



Mnrmun, aortic, 291 ; arterial, 304 A 
316 ; arterial, doable, 307 ; cardio- 
pulmonary, 313 ; endocardial, 879 ; 
gastric, 37 ij ; intestiaal, 372 ; mitral, 
288 ; pericardial, 296 : pulmonary. 292 ; 
tricuspid, 291 ; venous, 3u7. 

Moscolar action aa a cause of the firA 
heart-sound, 2G4. 

0. 

Odour of sputa, 189. 

fEdcma. 21 ; glottidis, 42.5 ; localiaed, 24. 

(Esophagus, auscultation of, 369 ; stenoits 
of, 370. 

Omental disease, inspection, 319 ; palpa- 
tion, -iM. 

Organic cardiac murmurs, 280. 

Organic changes on which cardiac raiir- 
mura depend, 2H5. 

Ovarian tumonr, diagnosis of, from ascites, 
439 A ne.H ; inspection of, 319 ; pupa- 
tion of, 338. 

Oxalate of lime in the urine, 89&. 

OiyhEBmoglobin in the mine, 378 ; spec- 
trum of, 379. 

P. 

Fain, as a caose of aoceleratioo of the 
respiration, 43 ; to preainre on the liver. 
326. 

Palpation, of abdomen, 323 ; of ascites, 
336 ; of bladder, 338 ; of cheet, A2 ; of 
ftecal aocnmolation, 333 ; of fluid in 
alimentary canal. 334 ; of gall-bladder, 
enlarged, 328 ; of liver, 324 ; of omental 
disease, 334 ; of ovaclan tumonn, 3S8 ; 
of pancreas, 334 ; of peritoneal dJaeascL 
836 ; of pnecordial region, 234 ; of rcBal 
tumonrs, 838 ; of retro-peritoneal 
glands, 334 ; of spleen, i'2H ; of stomach 
and intestinal canal, 332 ; of nro-KCBital 
apparatus, 336 ; of uterus, 839 ; of reiM, 
251. 

Pancreas, palpation of, 334. 

Papilloma of the larynx, 427. 

Faraglobnltn in the urine, 387. 

Paralysis of the vocal cords, 428. 

Pectoral fremitus, 68. 

Peptone in the nrine, 887. 

Percnssion, of abdomen, 840 ; in asotaa, 
361 : of bladder, 866 ; of chent, 71 ; of 
heart, 262 : history of, 71 ; of intestines, 
368 ; of kidneys, 364 ; of liver, !W I ; 
methods of, 72; regional, 112; mles 
regarding, 74 ; of spleen, 349 ; of 
stomach, 366 ; topographical, 107 ; of 
uterus, 367, 

Percussion -sound, in comprenion of tlw 
lungs, 83 ; crscked-pot, 102 ; in "" 
of the bronchi, W! ; fnlness or 
ness of, 101 ; in hydrothorax, *«; 
infiltration of tlie lungs, 80 ; meiallic 
106 ; in pleurisy, 84 ; in pnc-umouia, 
80 ; tympanitic, 90. 

Percussion-soond of the chest, 7K; on 
back. 114: on left side, 113: on right. 
112: on stemnm, 113; intenaitj of, 
"8 ; pitch of, 8" ; properties of, 77\ 



489 



Phonometry, 117. 

Phosphates in the urrne, 884 and 396. 

Phthuia of the laiyilx, lAryngoacopic ex* 

tmination, 420. 
Phthiaii puhnonalis, elastic fibres in 

•patmn of, 179 ; rcapiratory morp.mente 

in, S9 ; spatum in, 'JUit ; tjmpaiutic 

percusaion -Bound in, 10(). 
Phjrsicol cauDC of bixmchJAl refipiratorj 

mumiiir, 135; of bronchophoDy, 172; 

of the first arterial soimd, 270 ; of the 

aonnds of the heart, 'Ifri. 
Physical aigna of oudiac murmars, 

resvmi of, 293. 
Fericardinl eSnaion, cardiac dtilness in, 

Pericardial murmurfi, "^195. 

Pericardial thrill, 23fli, 

Pericardium, adherent, rednplicatian of 
heart-Hounds in, 279. 

PerichoDdiitiB of the laiynx, 42S. 

Peridiaatole, 2«a. 

Peripheral arterial aouiid«, 801. 

Peiiayslole, 283. 

Peritoneal diaeasea, palpation in, 336, 

Peritoneal cffnaioii, encysted, 364. 

Fetitoneum, ])erctiAeioD-Bound when gas 
is accnmulated in, .'!60. 

Pigmentation of the akin, 17. 

PigmenU of the nrine, 376, 380. 

Pitch of percuMion-sound of chest, 87. 

Pityriasis vereicolor, 1 9. 

Placental murmur, 374. 

PleuTdl fremituB, GO, 

Pleurisy, bronchophony in, 171 ; contrac- 
tion of chest after, S3 ; cracked-pot 
percussion -sound in, 104 ; dilatation of 
chest in, 29 ; diBlocation of liver In, 
344 ; displacement oF ppex-beat in, 21 1 : 
friotion-BOund in, IGl ; percussion of 
cheat in, 84 ; pitch of percussion -aonnd 
in, 89 ; tympanitic percnsaion-sonnd in, 
98 ; Tocal fremitus io, 64. 

Pleiitneter, 73. 

Pneumatic treatment of pulmonary 
diseases, b&. 

PtwttmBtoinetric types of diaoiiinn of Ha 
lungs, 61, 

Pneumatometry, 60, 

FneumouA, bronchia) respiratory mnimnr 
in, 138 ; bronchophony in, 170 ; cracked- 
pot percussion-sound in, 104 ; peicoi^ 
sion-resistance in, 11&; percnsaion- 
sonnd in, 80 ; pitch of percusaion-Bound 
in, 89; sputum in, UIS; tympanitic 
perOQsaioa-soiijid in, 99 ; vocal fremitua 

Poenmonio crepitation, 161. 

Pncrnno - pericardium, metallic heatt- 
sounds in, 275. 

Pneumothorax, amphoric resonance in, 
1U6 ; amphoric reapiratary mormitr tn, 
140; dilatation of chest in, 30; per- 
coiwion-reeiataiioe in, 116 ;. tympanicity 
in, 9G, 

Post-expiratory rflles, 147. 

PrtMx>rdIal region, inspection, 206; pal- 
284. 
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PiOTitole, 283. 

Prolongation of reapiratlon, 40, I&3. 

PropagatioD of canhac murmuRi, 284. 

Pruae-jttice vputum, I'M. 

Pnlmonary ana, 2<>1. 

Pulmonary abaoeas, sputum in, 199. 

Pulmonary cavities, amphoric refononoe 
over, 105 ; amphoric respiratory mur- 
mur in, 139 ; bronchial respiratory 
mnrmur in, 132 ; bronchophony in, 170 ; 
cardio-pulmonary murmuTB over, 313; 
cracked-pot percuiuion-sound over, 103 ; 
metallic tinkling in, 157 ; resonant 
riiea in, 1&4 ; tympanitic percuasion- 
socnd over, 93. 

Pulmonary diaeaaes, acceleration of re- 
apiration in, 46 ; cyanosis in, 13. 

Pulmonary arterial murmurs, 392. 

Pulsation, in aortic aneurism*, 220 ; of 
femoral vein^, 232; of great ywaeU, 
238 ; of hepatic veins, 232 ; of jngolar 
▼eins, 228 ; systolic, 219; in vena cava 
inferior, 232. 

Pulse, arterial, 239 ; causes of acceleration 
of, 8 ; celerity of, 246 ; dicrotism of, 
247 ; in fever, 8 ; frequency of, 289 ; 
inequality of, 241, 24£ ; intermiaaion 
of, 2^42 ; rhythm of, 240 ; tension of, 
246; threaddy, 243; tremulous, 243; 
volume of, 243. 

" PttlB-Uhr" (Waldcnbnrg'g), 250. 

Pulsus altemans, 241 ; bigeminus, 241 ; 
celer, 24t: ; dififerens, 245 ; dehcieni, 
242 ; myuruB, 421 ; paradoxus, 244 ; 
tardus, 247 ; trigeminus, 241. 

Ptdse-waTes, 249. 

Purulent sputum, I8fi. 

Pus in the motions, 40B. 

Poa-corpnacles in the spnttim, 178. 

Pus-corpuscles in the tirine, 389. 

Putrid bronchitis, spntom in, 202, 



Quantity of the sputum, 188. 
Quantity of the urine, B76, 

R. 

BiUea, 145 ; amount of, 148 ; clasBificatian 
of, 145; coarse bubbling, ]bd; dry, 
158; fine bubbling, 151 ; indetermi- 
nate, 164; inteuBity of, 149; maaking 
the respiratory murmiu-, 143 ; medlum- 
Bizrd bubbling, 153; metallic, 156; 
heard in the mouth, 150; poat-expira- 
tory, 147 ; rcaonant and nou-reaonant, 
164 i rhythm of, 147 ; Hi/* of, 161. 

Reaction of the urine, 381 . 

Red bIcod-oorpuEolea in the sputum, 178 } 
in the urine, 390. 

Reduplication of the beart-sounda, 275 ; 
in adherent pericardium, 279 ; cause of, 
27ti ; in mitral steno«ii», 278. 

Regional percussiou, 112. 

Relapsing fever, temperature in, 7. 

Remittent fever, temperature in, 6. 

Beaaldiaeues, inspection, 320 ; palpation, 
888. 
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R«fiifitance, Bense of, in percuados, 114. 

Besonance, amphoric, 106. 

Bcflonant and non-reiionant r&lea, IM. 

BeeoDBtor*, HelmbolU's, in determining 
size of palmonarj Tomicie, 96. 

Respinition, oocessonr muscles of, 49; 
Cbejne Stokes, 56; effects of con- 
densed and rarefied air on, 69 ; exami- 
nation of organs of, 28 ; freqnency of, 
42 ; moveinents of, 37 : prolongation 
of, 49, 53. 

RenpiTatory diHcases, pneumatic treatment 
of, sy. 

Respiratory murmmr, 122; amphoric, 
139 ; bioDchial, f 80 ; expiratory, 129; 
indeterminate, 141 ; metamorphosing, 
138; vesicular, 123. 

Retraction, gystolic, 221. 

Retro-peritoneal glandii, palpation of, 
334. 

Rhythm of cardiac mnrmnrB, 381 ; of 
pulse, 240. 

Biegel'a double Btethograph. 41. 

BouaiMt'B theory of causation of heart- 
sounds, 2(iS. 

Rumbting in the inteatines, 872. 

Rusty sputum, 197. 

S. 

Sanguineous epntnm, 18(>, 190. 

Sarciuffi, in the sputum, 184 ; in the 

urine, iSi'i -, in vomit«d matters, 3i<8. 
Sclerosift of the subcutaneous tissue, 27. 
Second sound of heait, physical cause of, 

2«8. 
Seitz's double plezioieter, 73. 
Sense of resistance in percussion, IM, 
Sibilant rales, lfi9, 
Simple respiratory mnrmara, 15!9. 
Sim of rules, Ifil, 
Skin, pigmentation of, 17. 
Skcda's coneononce-tbeory, 1 37 ; his theory 

of cauAation of bronchial respirntory 

mnminr, IB'! ; hix theoT3' of causation 

of bronchophony, 172, 
Soft pulse, 215. 

Solid conotituents of the urine, 384. 
BonorouH i otes, 1 69. 
Bound?^, .trterial, 2'J!) ; aortic, 301 ; carotid, 

3U0 : peripheral arterial, 301 ; sab- 

ckvian, 300. 
Sounds of heart, 2(!0 ; foetal, 374 : heard 

along with cardiac murmurs, 284 ; 

physical cause of, 2li2. 
Spaam of the vocal cords, 428, 
Specific gravity of the urine, 382. 
Spectrum of oxyhtemogkbin, 379. 
Spirometry, 5ii. 
Spleen, hydatid disease of, 332 ; inspection 

of, 3tN ; limits of, 361 ; movable, 380 ; 

palpation of, 328 ; percussion of, 349. 
Bplenic dulneas, enlargement of, 858. 
Spleuic leuktemiii, blood in, 331. 
Splenic tumour, diagnosis of, 331. 
Sphygmography, 248. 
Sputa cocta, 196. 
Sputa, classification of, IBC. 




Sputum crudom, 196. 

Spntam, amorphous elements of, 182 
faQiazy pigment in, 194; black, 194 
blue, 19C ; in bronchiectasia, 189, 4M 
in catarrhal pneumonia, 199 ; colom 
of, 186 ; consistence of, 1(?7 ; in croup- 
ous pnenmonia, 196 ; crystals in, 182 ; 
d^ns of Inng-tissne in, 179 ; in dis- 
eases of the air-paseagee, 196 ; echino- 
eoccus-vesicles in, 184 ; ela«tic fibres 
in, 179 ; epithelium in, 177 ; fatty 
acids in, 202 ; fibrinous coagnla in, 
180; food in, 185; form of, 187; 
fungous growths in. 183: in gan- 
grene of luDgs, 199, 202 ; grwn, 193 ; 
morphological elements of, 177 ; odour 
of, 189 ; prune-juice, 199 ; in pulmo- 
nary abscess, l'J9 ; pos-corpxiscles in, 
178 ; in putrid bronchitis, 302 ; qnan- 
taty of, 188 ; reil, 190 ; red blood-cor- 
puscles in, 178; rusty, 199; sarcxue 
in, 184 ; in tuberculosis and phthisis, 
200 ; vibriones in, 184 ; weight of, 18» : 
yellow, 193. 

Stenosis of oesopbagns, 370. 

Sternum, percussion-sooad over, 118. 

Stethography, 41. 

Stethoscope J 121. 

StoiDsch, dilautioo of, 357 : inspection 
of epigastric region, 318; palpation of, 
883; percussion of, d6.S; tumonn of, 
832 ; tenderness to pressure over, 38S. 

Subclavian mnrmnra, 304 ; unilateral. 
315. 

Subclavian sounds, 800. 

Snbcnt.'ineonB emphysema, 25. 

Sub-dicrotic pulse, 248. 

Subjective dyipnCBa, 48. 

Succunsion, Hippocrstic, 158. 

Su(rar in the urine. 387 : tests for, 888. 

Sulphates in the urine. S84. 

Syphilis of the larynx, laryngoacopie 
examination in, -122. 

Systolic jupulnr murmurs, 318. 

Systolic pulmonary murmurs, 314. 

Systolic pulsations, 219. 

Systolic respiratory murmur, 127. 

Systolic retraction, 221. 

Systolic thrill, 285. 



Temperature, 8 ; in chronic diseases, 7 : 
in continued fever, 5 ; highest re- 
corded, .1 ; in intermittent fever, 7 ; 
method of taking, 4 ; normal, 3 i 4 : 
in relapsing fever, 7 ; in Tcmiuent 
fever, 6. 

Tension of the pulse, 245. 

Thermometers, 8. 

Thorax, dilataUon of, 29 ; inspection of. 
2N. 

Threaddy pulse, 248. 

Thrill, (Uaatolic 236 ; eodocardiai, -.'a;> ; 
pericardial, 288 ; systolic, 2S&. 

Tinkling, metallic, 150. 

Tone of cough, 168. 

Tqpognphioii percussion, 107. 
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Tracheal reaonance of WUliams, 100. 
Tracheal respiratory mnrmar, 130. 
Trapp's formula for estu&ating the 

urinary Bolida, 384. 
TremnlouB pulse, 243. 
Tricoapid area, 261. 
Txicaspid insufficiency, venous pulsation 

in, 229. 
Tricuspid mnrmurs, 291, 293. 
Trommer's test for sagar, 388. 
Tube-casts in the urine, 891. 
Tuberculosis, sputum in, 200. 
Tuning-fork, use of, in phonometry, 1 17. 
Tumours, omental, OTarian, and uterine, 

inspection of, 819. 
Tympanitic percussion-sound, 90; from 

diminution of pulmonary tension, 97 ; 

in cedcma of Inn^ 99; in phthisiB 

pulmonalis, 100; in plenrisv, 98; in 

pneumonia, 99 ; in pneumothoiax, 96 ; 

over pulmonary cayitiee, 98. 
Tyrosin in the urine, 395. 

U. 

Ulcers in the larynx, 421. 

Ultzmann's test for bilirubin, 378. 

Undulation of the jugular rein, 227. 

Urate of ammonia in the urine, 896. 

Urate of soda in the urine, 394. 

Uric acid in the urine, 894. 

Urinary pigments, 876. 

Urine, 375 ; albumen in, 384 ; bilirubin 
in, 377; blood in, 878; blood colouring 
matter in, 379; blood-corpuicles in, 
390 ; catechin in, 881 ; chloride of 
sodium in, 383 ; chyle in, 887 ; colour 
of, 376 ; cystine in, 895 ; epithelial cells 
in, 390; fibrin in, 387; figurate ele- 
ments in, Bad; indican in, 880; inor- 
ganic sediments of, 398; leudn in, 
395 ; mucus in, 887 ; oxalate of lime 
in, 395 ; paraglobulin in, 887 ; peptone 
in, 387 ; phosphates in^ 395 ; pus cor- 
puscles in, 389; qnantit^r of, 875; re- 
action of, 381 ; sarcinsa in, 896 ; solid 
constituents of, 384 ; specific gravity of, 
382 ; sugar in, 387 ; tube-casts in, 891 ; 



tyrosln in, 895 : nmte of ammonia in, 

^5 ; urate of soda in, 894 ; uric ada 

in, 894 ; urrhodin in, 880. 
Urobilin, 876. 
UroerytJuin, 876. 

Urogenital apparatus, palpation of, 886. 
Urrhodin in the urine, 380. 
Uterine tumour, inspection of, 319. 
Uterus, gravid, auscultation of, 874. 
Uterus, palpation of, 889 ; percussion of, 

867. 

V. 

Veins, inspection of, 224; palpation of, 
251 ; of neck, movements in, 227. 

Vena cava inferior, pulsation in, 282. 

Venous congestion, 225. 

Venous murmurs, 807 ; intermittent, 811. 

Venous pulsation, 228. 

Vesicular respiratory murmur, 123; ab- 
sence of, 128; caoses of, 124; haiah, 
125; systolic, 127. 

Vibriones in sputum, 184. 

Vierordt and Ludwig's stethograpb, 41. 

Vital capacity of lungs, 57. 

Vocal cords, laryngoecopic examination 
of, 415 ; paralysis of, 428. 

Vocid fremitus, tiS. 

Voice, auscultation of, 168 ; enfeeblement 
of, 169 ; in paralysis of tjie vooJ cords, 
432. 

Volume of the pulse, 243. 

Vomited matters, 397; ascarides Inm- 
bricoides in, 898 ; blood in, 898 ; 
sardnse in, 898. 

Vomiting, 396. 

W. 

Water in the sputum, 185. 
Waldenburg's '' PulsUhr," 250. 
Weight of me sputum, 188. 
Williams' tracheal re!<onance, 100. 
Woillez' cyrtometer, 86. 
Worms in the motions, 406. 



T. 



Yellow sputa, 193. 
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